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longitudinal development OF MACRO
INVERTEBRATE communities
macroinvertebrate
BELOW oligotrophic LAKE OUTLETS
christopher T robinson and G wayne minshall
1

1

benthic macro
macroinvertebrates
invertebrates were collected at several sites downstream of three oligotrophic lake
outfalls
outfalls in july 1986 total numbers biomass and species richness increased rapidly immediately downstream from
the outlets and then either stabilized or continued to increase downstream in parallel with benthic organic matter
standing crops filter feeder densities showed an initial buildup and then decline downstream from the outlets
variability in longitudinal patterns of other functional feeding groups among lake outlets was related to differences in
food quantity and quality and micro
microhabitat
habitat
an additional set of samples was collected at pettit lake outlet in august 1986 species richness and total density
peaked sooner under ba seflow conditions in august than under spring runoff conditions in june distributions of all
functional feeding groups except filter feeders also differed between the two periods reflecting differences in the
physical environment we conclude that reduced lentic inputs of particulate organic matter seston and improved
habitat suitability downstream are responsible for the progressive development of macro
macroinvertebrate
invertebrate communities in
oligotrophic lake outlets these data imply the importance of the habitat templet in the structuring of benthic
communities
ABSTRACT

studies on the macro
macroinvertebrate
vertebrate fauna in
maceoin
maero
macroin invertebrate
the outlet streams of meso and eutrophic
lakes have focused on the fate of lentic plankton or on longitudinal distribution of filter
feeders in relation to progressively declining
amounts of lake seston chandler 1937 reif
1939 cushing
gushing 1963 maciolek and tunzi
1968 sheldon and oswood 1977 stattner
statzner
Statz
ner
1978 mackay and waters 1986 morin and
peters 1988 no comparable studies have
been published for outlet streams of oligotrophic lakes we hypothesized that streams
draining oligotrophic mountain lakes would
contain low levels of lake seston and that
the invertebrate community would develop
gradually as in stream and adjacent riparian
allochthonous detritus food sources developed As a corollary we expected that dense
benthic filter feeder populations would not
develop below the outlet or would dissipate

rapidly as the limited seston resource was
rapidly utilized our ultimate aim was to
use the oligotrophic lake outlet invertebrate
community as an analogue to low head hydroelectric diversions to determine the distance
required for recovery to prediversion community conditions under the worst case scenario of total elimination of invertebrate drift
METHODS

description of study sites
studies were conducted during 8 15 june
1986 on three lake outlet streams located
within the stanley basin of central idaho
11500w longitude 4407n latitude specifically the streams drained yellowbelly
lake stanley lake and pettit lake both the
yellowbelly lake outlet stream and the pettit lake outlet stream flow into alburas
alturas lake

department of biological sciences idaho state university pocatello idaho 83209
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physical measurements characterizing the three lake outlet streams at each transect for the preliminary
lake
ide outlet study june 1986
lae
TABLE 1

TRANS

DIST

W
m

m
W

temp

yellowbelly lake outlet
1

10

1

2
3
4
5
6

20
40
80
160
400

1

10
13

70
.70
70
.44
44
44

1

15
12

1

8

1

20

1

2
3

4
5
6
7

30
220
240
280
360
600
1000

1

12
10

1

8

1

15

1

13

1

NA
18

1

1

pettit lake outlet
1

10

1

2
3
4

20
40
80
160
400
900

1

5
6
7

49
55
45
.45
45

1

15
15
15

1

10
15

2
2

12
14

1

65
51
56
62
.62
62
46
44
47
.47
477

SUB
cm3
CM

m
W

49
58
54
97
87
63

275
186
77
333
657
50

7

72
122
135
110
96
115
109

109
1691

10

337
229
497
83
167

20
8
5
35
25
16

50
55
77
90
93
137
109

8

15

3

15

385
299
323
358
281

15
2
15

10

10

12

2

6

3

RRIP
m
W

7
8
8
8

5

7
7
7

6
13
15

102 C

86
so
50
.50
50
51
59
62
54
30
50
.50
50

temp

LRIP

V
ams
ems
cms
13 C

67
.67
67

temp

stanley lake outlet
1

D
m
W

148
14.8
148

2
15

20
15
8
40
20

C

25
50
10
15

TBANS
TRANS
transect DIST distance downstream from lake outlet
percent gradient W stream width D mean stream depth V mean stream
velocity SUB mean size of ofdominant
dominant substrate LRIP width ofriparian
of riparian zone on left side ofstreani
of stream RRIP width of
ofriparian
ofupanan
riparian zone on right side of
stream
am
ofstream
ofstie
ofstieam
ror D V and SUB mor
bor
rol
roi
foi
N
5 for
for each transect

creek which flows into the salmon river
stanley lake creek flows into valley creek
before entering the salmon river near the

town of stanley idaho the three outlet
streams were chosen because of their relatively pristine conditions and the large size of
the lakes motor boat usage occurs on pettit
and stanley lakes during summer in addition pettit lake has summer homes situated
on the east side yellowbelly lake is accessible primarily by foot
seven transects were located on each
stream at geometrically increasing points
downstream from the lake outlet table 1
but only six transects were placed at yellowbelly lake outlet because of a fish migration
barrier located further downstream the barrier altered the natural geomorphology of the
stream by backing up and slowing streamflow
stream flow
for 100 m below the barrier the stream gradient greatly increased thus again interfering
with placement oftransect
of transect 7 A fish migration
barrier was located at stanley lake about
200 in downstream of the lake outlet this
barrier backed up streamflow
stream flow to within 70 in

of the lake here transect 1I was placed 30 in
downstream from the outlet and the remaining transects 2 7 starting 20 in below the
barrier about 220 in from the actual lake outlet table 1 pettit lake had a fish migration
barrier located about 120 in downstream from
the lake outlet the barrier had no obvious
effects on the natural streamflow
stream flow thus transect distances were left unmodified
physical measurements at each transect
included percent gradient stream width
mean stream depth mean channel velocity
dominant substratum size and width of the
riparian zone on each side of the stream table
1 temperature was recorded at midday for
each stream generally all three streams
were similar in gradient 1 2
stream width
10 15 m stream depth 45 65 cm mean
ems
stream velocity 70 120 ams
cms dominant substratum size about 200 cm 3 and riparian
width about 15 m table 1 yellowbelly
lake outlet stream had relatively slower channel velocities probably due to the migration
barrier below transect 6 the effect of the
barrier also is evident in the reduction of the
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physical measurements in the pettit lake outlet stream at each transect for both june
comparison of ofphysical
and august A 1986 distances gradients and riparian zone widths remained the same on both dates see table 1
TABLE 2

W
m
W
TRANS
1

2
3
4
5
6
7
TRANS transect W
N
5 for each transect

D
m
W

V
ams
ems
cms

J

A

J

A

J

A

15
15
15
10
15
12
14

9
9

65

16

51

10
8
8
6
6

56
62

24
21
23
25
24

50
55
77
90
93
137
109

29
27
26
33
37

stream width D

46
44
47

31

mean stream depth V

21

collection methods
macroinvertebrate
invertebrate samples were colfive macro
lected at each transect using a modified hess
net 210 um mesh five additional benthic
samples were collected from each transect at
pettit lake outlet in august 1986 the circular net was placed firmly on the stream bottom and a railroad spike was used to disturb
the substratum within the net to a depth of
10 cm large cobbles were scrubbed by hand
and removed for inspection of invertebrates
the contents of the net were collected preserved in 10 formalin and returned to the
laboratory for analysis
in the laboratory the invertebrates were
handpicked
hand picked identified and enumerated
using a dissecting microscope ax8x chirono
chirano
mids were identified to family macroinverte
brate biomass dry mass was determined by
drying the samples at 60 C and weighing the
remaining debris from each sample was used

cm3

ms
A

00.42
42
042

6
2

4488
88
4421
21
4.21

385
299
323
358
281

430
380
688
822
896

647
558
642
723
717
7 17
7.17
717

0
15000

0 58
058
055
061
074
058
0 39
0.39
039

btreamflov
mean streamflow
stream flow

0 pettit

stanley

13500
CIJ

J

8
3

dominant substrate Q
mean size of ofdominant

earm
earn velocity SUB
mean sti
stream

dominant substrate size at transect 6 table 1
stanley lake outlet had a lower temperature
than either yellowbelly or pettit lake outlet
streams table 1
pettit lake outlet was chosen for a more
extensive analysis in august 1986 the stream
differed physically between the two study
periods table 2 mean stream width by 4 5
m mean stream depth by 20 30 cm mean
ems
channel velocity by 30 100 ams
cms and mean
06
streamflow
stream flow by 004
0.6
004
.44 og
06 M
mas3ss were lower in
august than in june table 2 the dominant
substratum size increased in august by 12
219
except at transects 1I and 2 where the
substratum was predominantly coarse sand
table 2 this change in dominant particle
size could be attributed to the restricted area
for sampling during low flows

Q
A

J

40
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J

A
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cies richness in three lake outlet streams in june 1986
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vertical bars indicate 1I standard deviation
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2

to determine the amount of benthic organic
matter AFDM the sample was dried at
60 C weighed ashed
ached at 550 C re hydrated
redried
retried at 60 C and re weighed
RESULTS

community analysis
Macro
macroinvertebrate
invertebrate density and biomass
increased rapidly immediately below the outlets and then plateaued or as in the case of
pettit and stanley decreased before stabilizing fig 1 total density and biomass at stan

ley and yellowbelly lake outlets plateaued
within 40 m yellowbelly lake outlet had densities twice those of pettit and stanley lake
outlets although biomass was similar among
sites this was probably in response to greater
food availability as reflected in differences in
organic matter standing crops between the
Macro invertebrate
two locations fig 1 macroinvertebrate
density in pettit lake outlet was lower than
that in the two other outlets at 80 m but
showed a relatively rapid increase to levels
exceeding those of stanley lake outlet at

transect 7
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biomass by functional feeding group in three lake outlet streams in june 1986 open
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species richness increased immediately
downstream from each lake outlet fig 1
pettit and stanley lake outlets showed slight
declines in richness 20 80 m downstream
although there was a tendency best seen at
pettit to progressively add species with increasing distance from the lake

functional feeding group analysis

the

density and
filterers and
biomass of gatherers scrapers filterers
predators each showed patterns comparable
to that of total density and biomass figs 2 3
an exception was the extended high abun
aban
STANLEY LAKE OUTLET

dance of predators at 40 160 m shredder
density downstream of 160 m showed a resurgence to high values observed at 20 m rather
than a maintenance of values comparable
to those found at 80 m as occurred for total
density miners did not show the marked
peak at 20 m seen for total numbers and for
other functional feeding groups miners such
as chironomids have been found to be abundant in lentic sediments which may explain
their lack of response immediately below lake
outlets
PETTIT LAKE OUTLET
gatherer scraper
and miner density and biomass all showed

C T ROBINSON AND G W MINSHALL
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figs 2 3

255000

686
PETTIT 886
P ETTIT

22500

N

200m

E 75w

A

2500

7 omo
V

Z
ld

7500
5000
2500
0

T

1

1

1

0

100
loo

200 360 460 560 660 760 800 9 00 10 00

0

100

200 300 400 500

25
V
V

20

LIJ

Z
L
cj

V
5

aaeo
alo
co

0

600 700 800 900 1000

1.500
1500
1.200
1200

09000600
M

0M

0300d
0

01000
0

100
loo

200 300 400 500 600 700 800 900 1000
DISTANCE from OUTLET m

macrom
macroe
macroinvertebrate
vertebrate species richness density
Macro invertebrate
and biomass in pettit creek in june and august 1986
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fig

4

patterns similar to those of total density and
biomass filterer density and biomass peaked
at 40 and 160 m figs 2 3 predators showed
an accentuated recovery in numbers at 160 m
and continued high levels at 400 m in contrast
to the pattern for total numbers predator
biomass followed the pattern observed for
filterer biomass fig 3
yellowbelly LAKE OUTLET the density
and biomass of gatherers filterers
filter ers and predators showed patterns similar to those of total
density and biomass however the predator
biomass deviated from the general trend by
decreasing downstream of the 80 m transect

volume 50

filterer density and biomass

peaked shortly below the outlet as was found
at pettit lake outlet the high filterer density
and biomass were at a single location 80 m
rather than over an extended stretch 40 160
m as at pettit greater current velocity and
substrate size may have facilitated colonizafilter ers at 80 m at yellowbelly lake
tion by filterers
outlet table 1
in general the density and biomass of
shredders followed the pattern seen for benthic organic matter at all three lakes this was
the expected pattern for all functional
groups based on the assumption of a lake
outlet stream gradually accruing food downstream from allochthonous sources deviations from this pattern especially by filter
feeders suggest contamination of the water
by lake plankton this was least evident at
stanley lake outlet and most pronounced at
pettit lake outlet however even at pettit
lake outlet filter feeder populations declined
rapidly within 160 400 m indicating depletion of this material figs 2 3 scraper density and biomass suggest that for the most
part autochthonous sources of food were low
as would be expected for the headwater
streams we were attempting to simulate
yellowbelly lake outlet at the gom
20 m transect is
a notable exception although there were
some minor deviations data for density and
biomass of functional feeding groups showed
similar patterns figs 2 3
seasonal study of pettit lake outlet
longitudinal patterns of total density
biomass and species richness were somewhat
different in august from those found in june
fig 4 animal density biomass and species
richness peaked sooner in august than in june
bhea
bica
fica antly
significantly
and were not significs
significa
ntly different downsigni
stream of the 400 m transect total density
and biomass increased downstream to 160 m
declined markedly for the next 240 m and
then stabilized in august fig 3 the peak in
abundance 40 200 m downstream of the lake
outlets in august suggests greater production
occurring at this time of year possibly due to
increases in stream temperature solar radiation and lentic inputs
longitudinal distributions of all functional
feeding groups except filterers
filter ers and scrapers
differed in august from those in june figs 5
6 filterer density and biomass peaked early
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and then virtually disappeared from the community downstream for both sampling dates
gatherers miners and shredders increased
in abundance density and biomass downstream of the outlet in june whereas gatherers miners and shredders had high densities
through 160 m and then decreased to low
values at 400 and 900 m in august gatherer
miner and shredder biomass was similar
among transects in august scrapers peaked
in biomass at 80 m in june but displayed similar biomass values among transects in august
fig 6 the main difference in predator
abundance between the two dates was the

reduced peak at 40 m and the decrease at 80 m
in june that was absent in august figs 5 6

discussion

the results support our hypothesis

of a
gradually developing stream community
greater number
numbersm2
numbersm
sm and taxonomic complexity with progressive distance downstream of
a lake outlet the distance required for the
development of full community potential
ie the recovery distance following complete interception of incoming drift could not
be determined precisely and seems to vary
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macroinvertebrate
Macro invertebrate biomass by functional feeding group in pettit lake outlet in june and august 1986 open
june closed circles august bars represent 1 standard deviation

widely depending on the particular stream
and time of year in june during a period of
relatively high discharge recovery measured in terms of species richness and total
density ranged from 20 m at stanley lake to
over 900 m at pettit lake during near base
flow conditions in august community development in pettit lake seemed to be much
more rapid than in june peaking somewhere
between 160 and 400 m these data suggest
that community development is impeded under conditions of high flow additional measurements
ments should be made in several outlet
sure
streams having unaltered flows and channels
so that the full distances required for recovery

during each season and the factors responsible
for the different rates of community development among streams can be established
our results also show a restricted distribution by filter feeders the decline from peak
numbers below the outlet was more rapid
than reported by sheldon and oswood
1977 thus supporting our prediction that
oligotrophic lakes will show more limited supplies of seston and consequently a more restricted
ed distribution of filter feeders in their
strict
outlet streams than meso or eutrophic lakes
in addition we found that filter feeder abundances increased from low numbers immediately below the outlet to peak numbers some

1990
19901

COMMUNITY

development BELOW LAKE

distance 40 80 m downstream this differs
from the progressive downstream decrease in
filter feeder abundance modeled by sheldon
and oswood 1977 and may have been overlooked by them because they sampled no
closer than 25 in below the lake outlet A
parabolic relationship of filterer density with
distance rather than a negative linear regression may be due to suboptimal environmental
eg velocity or biotic conditions near the
outlet current velocities in pettit creek
ems
were less near the outlet 26 29 ams
cms than
further downstream 33 40 ams
cms and may not
have met the needs of filterers
filter ers for feeding or
respiration further changes in substratum
characteristics occurred within 40 in of the
lake outlet table 1 mackay and waters
1986 suggest that changes in filterer abundances between the impoundments they
studied may be due to a greater abundance
of attachment sites
our data contribute a spatial dimension
to the recolonization of stream benthos by
maero
macro
macroinvertebrates
vertebrates these data suggest
maceoin invertebrates
macroin
the importance of the habitat templet in
the structuring of
ofbenthic
benthic communities this
implies faster recovery or community development in streams below lake outlets in which
adequate structural habitat is present these
data suggest that low head hydro installations
can impact macroinvertebrate
macro invertebrate communities
by reducing the structural attributes of the
habitat templet
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PNON JUNIPER WOODLANDS OF NORTHWEST COLORADO
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the

local spatial arrangement of the coniferous trees
edulis and juniperus
ti ees pinus adulis
Jumperus osteosperma was
shaub dominated stands in the semiarid piceance
mapped in two woodland stands and measured in two shrub
shiub
Piceance basin of
northwest colorado in the woodlands small trees were often clumped while medium and large trees were either
randomly or uniformly dispersed significant regressions were obtained between a tree s basal area or canopy area and
let domain the region closer to it than to any other tree both findings from the woodland stands
the area of its dirichlet
dirichlct
dinchlet
accord with results obtained by other workers in other vegetation like earlier workers we interpret these patterns to
indicate density dependent mortality and density dependent depression of growth rates among the trees in the
woodlands in contrast the trees in the shrub dominated stands are located at random with respect to each other
ti ee seeds arrive in these stands primarily by
however they are strongly associated with shrub cover apparently tree
long distance dispersal and the establishment of seedlings is more likely in the shade of shrubs
ABSTRACT

Dinch

since plants are sessile and their growth is
plastic their arrangement in space and their
sizes can reflect the history of their interactions with each other and with the environment with long lived slow growing plants
studying pattern may be the only feasible
way to discover which processes and interactions are important in determining community structure
we used some of the methods compared
by goodall and west 1979 to study the local
spatial arrangement pattern of the small coniferous trees pinus edulis
adulis and juniperus
ni
osteosperma in four stands in the semiarid
piceance
Piceance basin of northwest colorado our
goals were twofold first we wished to determine whether the differences between
methods goodall and west 1979 detected in
artificial populations are borne out in more
complex real populations second we wished
to infer the processes that influence the establish
lishment
ment of seedlings and the growth and mortality of plants
STUDY AREA

piceance
Pice ance basin
the
2

occupies about 3000
km in garfield and rio blanco counties of
northwest colorado elevations range from
1707 to 2743 in tiedeman and terwilliger
1978 the climate is semiarid with average

annual precipitation ranging from 28 cm in the
northwest to 635
em in the southeast about
63.5
635 cm
half of the annual total falls as snow and most
of the remainder as rain in late summer thunderstorms
der
storms in the short term precipitation is
unpredictable and variable wymore 1974
the average annual temperature is 7 C at
1825 in the elevation of the only permanent
weather station in the basin with a minimum
59
monthly average in january of sg
5.9 C and a
59
maximum monthly average in july of 203
20.3 C
203
the average annual temperature decreases by
085
0 .85
approximately oss
85 C for every 100 m increase
085
in elevation both temperature and precipitation are strongly influenced by local topography wymore 1974
we studied the spatial patterns of pinus
adulis engelm and juniperus osteosperma
edulis
torr little pinon and utah juniper
nomenclature follows goodrich and neese
adulis and
1986 P edulis
andj
andaJ osteosperma are small
coniferous trees common throughout the
western united states where they form
mixed stands often with an understory of
scattered grasses forbs and shrubs they
commonly attain heights of 6 8 in and both
adulis usually possesses
reproduce by seed P edulis
a single stem while J osteosperma is often
multistemmed
the vegetation of the basin includes
shrublands
shrub lands and woodlands of various floristic
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pinon juniper woodlands as
compositions pinnon
described in tiedeman and terwilliger 1978
P edulis
have open canopies
adulis
cano pies dominated by F
and J osteosperma and occur on broad flat
ridge tops at elevations between 1890 m and
2170 m where soils are shallow rocky light
loams entisols
Shrub lands
brown sandy coams
Entis ols shrublands
dominated by artemisia tri dentata nutt
sagebrush flats often occur on the same
ridges as do pinon juniper woodlands at
roughly the same elevations but where soils
are finer and deeper where pinon juniper
woodlands abut sagebrush flats zones of intermediate
ter mediate vegetation are often found in
these intermediate areas the vegetation is
dominated by artemisia with small scatosteo
adulis and J osoteo
tered individuals of P edulis
sperma few of the trees overtop the shrubs
we studied two pinnon
pinon juniper woodlands
stands A and B which were dominated by
adulis and J osteosperma with
mature P edulis
cano pies in these
little shrub understory the canopies
stands are not closed but individual cano
pies sometimes abut or overlap it is known
from others fowells 1965 and from personal
observation that the roots of these trees usually extend beyond the canopy thus neighboring trees which do not seem to be competing for light may nonetheless be competing
below ground for water or nutrients these
belowground
stands lie at elevations of 2164 m and 1890 m
which approximate the elevational limits of
this vegetation in the basin stand A slopes
1.50
150
is
ls
1.5
iso
15 and faces to the northwest n62w
3.0 facing to the north north
stand B slopes 30
30
west n22w
n220w
stands C and D are intermediate between
pinon juniper woodlands and sagebrush flats
none of the trees in these stands is as large as
pinnon juniper woodthe largest trees in the pinon
pinion
lands although many bear cones and are thus
sexually mature these stands occupy ridge
of2164
tops at elevations of
2164 m and 1981 m stand
C slopes 45
4.5
45 facing west n80w and stand
D slopes 65
6.5 facing north naw
65
n5w
METHODS

goodall and west 1979 reviewed pattern
methods based on analyses of artificial populations they compared the statistical powers
of the methods that is the probabilities of
rejecting a false null hypothesis with large
samples all the tested methods gave results

volume 50

reflecting the true dispersion pattern of artificial populations with powers approaching
100
with smaller samples however
methods differed in power we used those
having the greatest power with small samples
the variancemean
variance mean ratio clapham 1936
among quadrat methods and the indices of
hopkins 1954 and pielou 1959 1960 1961
among distance methods see descriptions below we also compared the frequencies of
plants
quadrans
quad rats containing exactly 0 1 2
quadrats
with the expected poisson distribution by a
chi squared goodness of fit test
in addition to these methods we included
a measure of pattern that uses information
not only about the locations of plants but also
about their sizes the dirichlet domain or
voronoi polygon of a plant comthiessen or voronow
prises all the points closer to that plant than to
any other honda 1978 jack 1967 mead
1971 mithen harper and weiner 1984 its
size thus represents the area more easily accessible
ces sible to the plant than to its neighbors and
may represent the amount of resources captured or sequestered by a plant or potentially
more available to it than to its neighbors this
in turn may influence the plant s growth and
fitness and indicate what effect if any its
neighbors have on it to detect whether this is
the case we regressed the areas of plants
dirichlet domains on the sizes of the plants
mean ratio test clapham
the variance
variancemean
1936 is based on the expectation that in a
randomly dispersed population the frequadrats
quad
quency distribution of quadrans
rats containing exactly 0 1 2 3
individuals approximates
the poisson distribution one property of this
distribution is that its mean and variance are
equal and their ratio therefore unity the
distribution of this ratio in large samples is
approximately normal with a mean of 1I and a
standard deviation of an2n 1112
lla goodall and
ll2
lil
iii
west 1979 where n is the sample size numquadrats
quad
ber of quadrans
rats in regularly dispersed populations the ratio is less than 1 in aggregated
ones greater
hopkins s 1954 index A is based on the
expectation that in a randomly dispersed
population the average distance from randomly located points to the nearest plant
equals the average distance between plants
and their nearest neighbors hopkins proposed the ratio of these two averages as his
index
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dead branches we measured the living
portions of their canopies
cano pies and summed the
where pi
P and ii1I are the sums of equal numbers areas estimated from these basal areas
were
of distances from random points to the nearest calculated for both species from stem diameplant and from randomly selected plants to ters measured at ground level
multi
for
their nearest neighbors respectively in a stemmed plants the basal areas of all living
randomly dispersed population the expected stems were summed
value of A is 1 and for large samples its frewe measured the dispersion patterns of the
quency distribution is approximately normal
plants on these maps using both quadrat and
values of A larger than 1I indicate aggregation
distance methods small plants were sampled
less than 1I regularity
with quadrans
quad rats 25
quadrats
2.5
m on a side in map scale
25
pielou 1959 1960 1961 developed two medium and tall plants with quadrans
quad rats 5 m on a
quadrats
distance methods to measure pattern the side quadrats
quadrans
Quad rats were placed at the intersecfirst uses a sample of distances from randomly tions of a regular grid of lines 5 scale meters
located points to the nearest plant and an apart thus every point on the map was inindependent estimate of plant density from cluded in exactly one quadrat of a given size
these a statistic alpha can be calculated as there were 100 large and 400 small quadrans
quad rats
quadrats
follows
in stand B stand A was more irregular enalpha
quad rats
quadrats
compassing 90 large and 230 small quadrans
pidomegap
spatial dispersions of each size class
the
where D is the density of the plants omega P and species were measured separately and
is the mean squared point to plant distance
pooled that is the null hypothesis of random
and pi is the trigonometric constant
spatial dispersion was tested by five indices
the second method pielou 1960 uses a for small P edulis
adulis small J osteosperma all
sample of distances from randomly chosen small plants medium P adulis
edulis medium JJ
plants to their nearest neighbors A statistic osteosperma all medium plants tall P edulis
adulis
alpha is calculated in the same way as alpha
talaj osteosperma all tall plants medium and
tallj
substituting the mean squared plant to plant tall P edulis
adulis combined medium and tall
distance for the mean squared point to point JI osteosperma combined and all medium
1
pielou
distance
1959 provides tables of con- and tall plants combined
fidence intervals and significance levels for
we constructed dirichlet domains honda
values of alpha and shows how they may be 1978 jack 1967 mead 1971 mithen harper
used to interpret alpha pielou 1960
and weiner 1984 for the plants by drawing
we mapped the location of each pinus lines connecting each plant to its immediate
adulis andjuniperus
edulis
and juniperus osteosperma 10 cm tall or neighbors and then constructing perpendictaller in parts of stands A and B the mapped ular bisectors of these lines fig 1 note that
ma
m22 in stand B it was
area in stand A was 2250 M
did
we
not weight the distance from a plant to
2
m2
2500 ma
M we checked the accuracy of the maps
the bisector by the size of the plant and thus
by comparing plant to plant distances calcu- there is no necessary correlation between the
lated from map coordinates to the same dis- size of a plant and the size of its dirichlet
tances measured in the field the greatest domain we estimated the areas of the dirichdifference was about 10 cm
let domains by cutting the polygons from the
we classified plants into three height maps and weighing them we regressed the
classes small plants were 10 cm to 1 m tall
areas of the dirichlet domains on the basal
medium plants between 1I m and 3 m tall and areas and separately on the canopy areas of
tall plants were taller than 3 m the tallest their plants regressions on basal areas were
trees in our stands were about 5 m tall small compared to regressions on canopy areas
plants were not mapped in about one third with and without logarithmic transformation
of stand A
by graphical analysis of residuals
adulis
edulis in these stands we meain stands C and D we located every P edulis
for each P adulis
sured one canopy diameter in an arbitrary and J osteosperma 10 cm or more in height
direction and estimated the area of its canopy within a square 50 m on a side noting whether it
as if it were circular the living canopies
cano pies of had become established under a plant canopy or
J osteosperma were often interrupted by in the open based on observations of each
A
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RESULTS

A

adulis and
table 1 shows the number of P edulis

J osteosperma in each stand and the corresponding
sp
numbers per hectare table 2 shows

0

D

C

let domains
iet
fig 1 construction of dirichlet
Dinch
dineh
a draw line segments connecting a focal plant to

its

neighbors
of each line segment
draw the perpendicular bisector ofeach
c the dirichlet
let domain is the region closer to the focal
iet
Dinch
plant than all the perpendicular bisectors
d repeat for each plant the dirichlet
iet domain of each
let
Dinch
plant is the region closer to it than to any other plant
1

dineh

tree s association with living or dead shrubs
we measured total plant cover of all species
with two som
50 m line intercepts the association
adulis and JJ osteosperma with plant
of P edulis
cover was tested by a chi squared test we did
not map these stands but measured distances
between neighboring trees in the field we
used pielou s alpha to describe the spatial
dispersion of the two tree species
TABI 11
1.1
TABLEL
ii
li

stand censuses divided by height categories
in parentheses are numbers per hectare

pinuseduhs
stand A pinus
edulis
adulis
osteosperma
jumperus
juniperus
Jumperus osteosperina
stand B P edulis
eduhs
eduis
JJ osteosperma
stand C P edulis
eduhs
eduis
J osteosperma
stand D P edulis
eduhs
eduis
osteosperina
JJ osteosperma

the five dispersion indices for the trees in
stands A and B and table 3 the interpretations of these values in the woodland stands
A and B small plants tend to be clumped and
larger plants tend to be randomly or uniformly
dispersed the sequence from clumped to
random to uniform is violated in only three
instances asterisks in table 3 these violations may be the result of chance since the
tests for significance were all set at the 5
level and some spurious results are expected
among such a large number of separate tests
all log log transformed regressions of
dirichlet domain areas on plant canopy
areas and basal areas in stands A and B are
significant at the 5 level except for that of
J osteosperma in stand A table 4 fig 2
these regressions show that on average
larger plants have larger dirichlet domains
and are correspondingly farther from their
neighbors the dirichlet domains of small
plants are more variable in area than those of
larger plants logarithmic transformation of
both variates improves the distribution of
variates and residuals and produces reasonable conformity with the assumptions of regres
gression
sion but it does not change the significance of the regressions these results are
similar to those of regressing the distance between a pair of neighboring plants on the sum
of their sizes welden 1984 welden slauson
oftheir
and ward 1988 cf fuentes and gutierrez
1981 gutierrez and fuentes 1979 nobel 1981
phillips and macmahon 1981 pielou 1960
small

m
I1 ma
m5 medium

small
plants

medium
plants

tall

61
432
61432
26 184
26184

56 229
56229

88
352
88352
86 344
86344
56 224
56224

32 128
32128

7

28

47
188
47188
136
34
34136

10 cm

12

49

3 ma
m tall and by species
m5

total

plants
67 274
67274
160
39 igo
39160

184 753
184753

11

44
41 164
41164

131
524
131524

136 544
136544
79 316
79316

9

36

22

88

1

7

28

0

30 120
30120
46 184
46184

4
17

4

77
315
77315

14
16

68

56

81
324
81324
97 388
97388
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values of dispersion indices in stands A and B indices are identified in the text and these values are
interpreted in table 4 A dash indicates that the test could not be performed
TABLE 2

distance methods
stand

alpha

alphae
alphai
alp
ha

ods
methods
quadrat meth
parmean
hi2
ehl
ehi
chi
var
dhia
varr mean
nean
varmean

A1

A

B

A

B

A

B

093
098
1loo
00
100
084

104
123
074
038

1112
12
1 15
115
1.15
115
lis
1 04
104
088

084
066
097
091

083
085
096
095

121
1 83
183
1 38
138

042

1103
03
061
073
073

1 36
136
1 06
log
1.06
106
093
073

1 04
1.04
104
084
109
11.18
18
118

1107
07
064
129
139

099
072
078
075

27
127
1 65
165
073
054

25
125
1117
17
11.06
log
06
106
092

1 29
1.29
129
1 58
158

079
096
094
098

086
054
1 14
114
1 13
113
1.13
113

58
158
1122
22
1 12
112
078

50
150
iso
294
092
059

A

B

A

B

P eduhs
edulis
eduis

small
medium
medium and tall

tall

122 250
597
2 16
290 216
17
017
0.17
0017

1 27
127
1.27
127
1 72
172
1148
48
1.48
1 10
1.10
iio
llo
ilo
110

1 98
198
1160
igo
1.60
60
128
089

12
2212
1110
10
iio
ilo

1 52
152
1 04
104
096
097

115
ils
086
086
082

8818
18
8.18

1162
1.62
62

109
091
376

1 44
144
1 34
134
1104
04
1.04

1 65
1.65
165
222
1 19
ilg
1.19
119
095

JJ osteosperma
small
medium
medium and tall

tall
species combined
small
medium
medium and tall

tall

1

086
074

294

1

1

1

024
024
181
18 1
18.1
181

228
435
060

11.15
15

pattern analyses of stands A and B C indicates that the plants are
ale clumped R that they are randomly
aie
dispersed U that they are uniformly dispersed all indicated nonrandom dispersions are significant at the 5 level A
dash indicates that the test could not be performed asterisks denote contradictions to the general trend of C R U
with increasing plant size
TABLE 3

nethods
quadrat rmethods

distance methods
i

stand

alpiha
alpha

alpha

parmean
varn
var
nean
varrmean
varmean

ch
cr iai2

A

A

B

A

B

A

B

A

B

A

B

R
R
R
R

R
R
U
U

R
R
R
R

R
C
R
R

R
R
R
R

R
C
R
R

C
C
R
R

C

C
C
C
R

C
C
R
R

R

C
R

R
R
R
R

R

R
R
U

R
R

R
R

C
R
R
R

C
C

R
U

R
R
R
R

R
R
R
R

R
C
R
R

R
R
R
R

C
C
R
U

C

C

R

C
R
R

C
C
C
R

C
C
R
R

P edulis
eduhs
eduis

small
medium
medium and tall

tall

R

J osteosperma

small
medium
medium and tall

tall
species combined
small
medium
medium and tall

tall

U

U
U
C
R
R
R

R

U
C
C

R
U

R

yeaton and cody 1976 and yeaton
travis and gilinsky 1977
plant cover primarily Artemisia
of
in stand
ofartemisia
C was approximately 20
and about 96 of
the P adulis
osoteo
edulis and about 71 of the J osteo
sperma had become established under plant
canopy plant cover in stand D was about
18
odthe
adulis and about
and about 93 ofthe
of the P edulis
87 of the J osteosperma had become established under plant canopy the probability
osoteo
adulis or J osteo
that establishment of P edulis
1961

C

R

R
R

R

R

sperma is random with respect to plant cover
.001
is less than 001
001 in every case the pattern
ooi
statistic alpha pielou 1960 showed no signific
ant deviations from random dispersion
nificant
adulis or JJ osteosperma in stands
among P edulis
C and D

discussion
pielou 1959 and goodall and west 1979
show that distance methods are more sensitive to uniformity and quadrat methods are

cwweldenetal

volume 50

C W WELDEN ET AL

318

iet domain area on canopy and basal areas
let
109109
log transformed regressions of dirichlet
Dinch
coefficients of log
inthe
if the true slope and r equal zero
of sueh
such data ifthe
significance is the probability ofsuch
TABLE 4

species

stand

n

ra
r2

A

98

10 12
10.12
1012
11
05
11.05
1105
llos
lios

B

33

0056
0052
0272
igl
0 191
0.191
0191
lai

slope

significance

681

0 13
013
0011
11
oii
oli
026
021

0019
0024
0002
0011

0031
0020
0367
0352

1250
1204
541
684

006
004
023
0 18
018

0377
0479
0000
0000

0039
0047
0333
0268

1049
15
11
11.15
1115

010
0 10
0.10
010

0027
0015
0000
0000

Y

intercept

P edulis
eduhs
eduis

independent variable
in canopy area
in basal area
in canopy area
ai ea
in basal area
J osteosperma
in canopy area
in basal area
in canopy area
in basal area
species combined
in canopy area
in basal area
ai ea
in canopy area
in basal area

A

27

B

31

A

125

64

B

15
E
0
uD
L

10-

u

L

5

c

5

10

5

Canopy area

ln
1ncanopy
lncanopy

2

15

cm

Dinch
dineh

iet domain area on canopy
let
2 regression of dirichlet
of pinnons in stand A both variates have been trans
ofpmons

fig

area
ror
hoi med to their natural logarithms
foi
formed

more sensitive to clumping this is borne out
by table 4 where it can be seen that the
quadrat methods never detected uniform dispersion while the distance methods did the
distance methods on the other hand failed to
detect clumping in several cases where it was
detected by the quadrat methods
the trees in the woodland stands A and
sensu harper
B appear to be interfering gensu
1961 1977 with one another either by comalle lopathy the trend from
petition or by allelopathy
clumped to random to uniform dispersion
with increasing plant size suggests density
dependent mortality density independent
mortality in a clumped population might con

5.15
5 15
sis
515

llis
liis
lils
527
688

009
025
0 18
018

bly reduce sample sizes in successively
ceivably
ceiva
larger size classes until the clumping is no
longer detectably different from a random dispersion but it seems unlikely that it could
produce a uniform dispersion phillips and
macmahon 1981
the significant regressions of dirichlet
domain area on plant size indicate density
dependent mortality or density dependent
suppression of growth or both we envision
two processes leading to this result first
plants that become established farther from
preexisting neighbors become larger because
they have access to more unexploited or unsequestered resources second established
plants prevent the establishment of new
neighbors nearby or impede their growth
because they have exploited or sequestered
most of the resources in their neighborhoods
mithen harper and weiner 1984 found
significant positive relationships between
dirichlet domain area and plant dry weight in
even aged greenhouse populations of lapcommunis L although the conditions of
commonis
sana communis
their experiments are different particularly
since their plants germinated synchronously
their interpretations of their results are similar to ours here
pielou s 1959 1960 method did not detect any deviation from random spatial arrangement
gement in stands C and D however
ran
both tree species are significantly associated
with plant cover we presume that these trees
became established after long distance dis100 m from nearby woodlands the
persal
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PATTERN AND

significant interaction in these stands is evidently not interference between neighboring
trees but amelioration of abiotic stress under
the cano
canopies
pies of preexisting plants fowells
1965 reports that P edulis
adulis requires shade
early in its development
our evidence for these interpretations is
circumstantial however given the long lives
and slow growth of these plants and the varying physical environment of the study area
such evidence may be the most informative
these pattern methods integrate the effects of
environment and biotic interactions over the
life spans of the plants a time scale not usually
accessible to more mechanistic methods
all our inferences of processes leading to
the present pattern require further examination although JJ osteosperma has been reallelo chemicals jameson
ported to produce allelochemicals
1971 experiments should be done to deterallelopathic
pathic effects occur under
mine whether allelo
the conditions and in the soils of the piceance
Piceance
basin and more field studies are needed to
determine whether establishment occur
occursS
more often near neighbors or far from them
the dynamic behavior of the various pattern
indices and regressions should be explored
under conditions of density dependent and
density independent mortality
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TRAMPLING disturbance AND RECOVERY OF
cryptogamic SOIL CRUSTS IN GRAND CANYON NATIONAL PARK
david N cole
cryptogamic soil crusts in grand canyon national park were trampled by hikers under controlled
conditions to determine how rapidly they were pulverized and how rapidly they recovered only 15 trampling passes
were required to destroy the structure of the crusts visual evidence of bacteria and cryptogam cover was reduced to
near zero after 50 passes soil crusts redeveloped in just one to three years and after five years the extensive bacteria
and cryptogam cover left little visual evidence of disturbance surface irregularity remained low after five years
however suggesting that recovery was incomplete
ABSTRACT

the fragility of crusts presents unique chalcryptogamic soil crusts are common and
annd
arid eco- lenges to land managers attempting to avoid
and
functionally significant features of anid
systems bacteria algae fungi lichens and adverse impacts on desert lands this is
particularly true in the many national parks
mosses bind surface soil particles together
arid
and lands of the southwestern
creating a highly irregular surface crust of located in the arld
raised pedestals typically black and several united states the popularity of these desert
cm tall and intervening cracks crusts pro- parks has made it increasingly difficult for
vide favorable sites for the germination of managers to meet management objectives
vascular plants st clair et al 1984 and that stress the maintenance of natural conplay important roles in water conservation ditions and processes many hikers now visit
brotherson and rushforth 1983 and nitrogen places that a decade or two ago had few visiback country users can signifibaek
backcountry
fixation snyder and wullstein 1973 these tors these backeountry
crusts are particularly significant in reducing cantly impact cryptogamic soil crusts if they
soil erosion soil aggregation raises the wind wander off the trail or set up camp in crusted
and water velocities required to detach soil areas
particles while the irregular soil surface tends
the purpose of this study was to examine
to reduce wind and soil velocities brotherson the effect of trampling disturbance on soil
and rushforth 1983 increased water infiltra- crusts to better understand how rapidly they
tion in crusted soils also reduces runoff and are disturbed and how quickly they can reerosion increased soil stability is highly sig- cover it was conducted in the backeountry
backcountry
back country
baek
nific
nificant
ant in arid environments where sparse of grand canyon national park on a study
vegetation and surface soil organic matter as site located close to the bass trail at an elevawell as sporadic torrential rainfall contribute tion of about 1650 in the site is flat and
to a high erosion hazard
during the study the soil crusts exhibited well
A number of recent studies have examined developed pinnacles and were conspicuously
the response of cryptogamic soil crusts to dis- blackened with lichens the vegetation type
edulis
turbance
bance by grazing and by fire anderson is a coleogyne ramosissima pinus adulis
tur
et al 1982 johansen et al 1984 johansen juniperus osteosperma woodland warren
et al 1982 soils derived from sandstones
and st clair 1986 marble and harper 1989
the results of these studies suggest that crusts of the supai group are shallow and highly
are unusually fragile and can be seriously sandy the climate can be characterized as
disrupted by low levels of disturbance that that of a cold desert annual precipitation is
have no noticeable effect on vascular plants about 25 cm with a bimodal occurrence in
winter and summer
kleiner and harper 1972
intermountain research station forest service

U S

ofagriculture forestry sciences laboratory missoula montana 59807
department of agriculture
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changes in the cryptogam cover vertical
distance and coefficient of variation of vertical distance in
response to different levels of trampling a
TABLE
TABI E 1

number

cryptogam

of passes

cover

vertical
distance

coefficient
of variation

mm
0
5

89 a
69 b

15

45c
36
36c

25
50
250

0

any two0 values

9d
ad
0od

fig

the two trampling

lanes immediately after 50
passes in tennis shoes left and 250 passes in lug soled
boots right note horizontal bar for measuring vertical
distances
1

METHODS

two lanes about

6 in long and 04
0.4
04
04m
in wide
were delineated with lengths of PVC pipe in
an area of well developed undisturbed soil
crust fig 1 the lanes were separated by a
path that was trampled during the period

when the treatments were applied and then
allowed to recover afterward one lane was
trampled by a 75 kg person in tennis shoes
the other by an 86 kg person in lug soled
boots measurements were taken prior to
trampling and after 5 15 25 and 50 passes a
pass being one walk down the lane at a normal gait the lane trampled with lug soled
boots was trampled another 200 times for a
total of 250 passes subsequent measurements were taken one three and five years
after the treatments were administered
treatments and measurements occurred in
late spring april or may 1984
each lane was sampled along five transects
lo
oriented perpendicular to the lane and 10

27

in the same column followed by the same

significantly different duncan

r

22.77 a
27
ig
19
119
1.99 b
15bb
15
14
1 4 b
1.4
14
14
1.4
14
14bb
14
14bb

492 a
497 ab
A
be
505
505bc
502 abc
511 c
511 c
s

multiple range test p

letter are not

05

bated 1I in apart each transect consisted of
cated
10 measurement points 2 cm apart in the centtral
r al part of the lane at each point along the
tra
nsect the vertical distance between a horiinsect
transect
zontal pipe temporarily connecting the pipe
at each end of the transect and the ground
surface was measured then the ground surface at that point was categorized as either
bare soil or cryptogam
these data provide three measures to evaluate disturbance first the vertical distances
a mean of 50 observations per lane provide a
measure of the degree to which crusts have
been compressed by trampling the variability of vertical distances across each transect
provides an indication of surface roughness
which should decline with trampling roughness increases with crustal development and
is important in reducing soil erosion the
measure used is the coefficient of variation of
the vertical distances coefficients were calculated for each of the five transects across
each lane and then averaged the third measure is cryptogam cover expressed as a percentage of the 50 ground surface observations
for each lane the significance of differences
between treatments and between years was
tested with analysis of variance and duncan s
multiple range test
RESULTS

cryptogamic crusts were immediately pulverized by trampling pedestals were flattened and the black veneer of bacteria and
cryptograms
crypto gams was obliterated changes m
cryptogams
in cryptogam cover vertical distance and the index
of surface roughness were all statistically signific
nificant
ant table 1 differences between the
effects of trampling with tennis shoes and
boots were not significant however
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1
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0

a
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b

490

2

H

500 0

CO

Q

j 510
J

0

c
f0

LU

LA

1

5cr0

on0
10
100
loo

C

I1

cr0
25
250

r0

3

1

PASSES

5

7

YEARS
U

2 mean vertical distance from a horizontal
transect to the ground surface a after different levels
of trampling in lug soled boots and b after one three
and five years of recovery standards errors were all
8 mm
222
2 228

fig

10

cryptogam cover vertical distance and coofvertical distance 0011 3 and 5 years
efficient ofvariatiod
of variation ofvertical
following trampling a
TABLE 2

years
yeai s
yeal

cryptogam

since
trampling

cover

vertical
distance

coefficient
of variation
ofvariation

mm
0

3aaa
3a

1

20 b
71 c

3
5

85 d
89 d

pre

1.33ab
aab
A
13
io
lo
1.0 a
10
ig
lg
1.9
19 b
19 b

511 a

499
491
490
492

13
1

loa
ioa
lgb
lgb

b
c
c
c

27
27cc

trampling
many two values
any

in

fig

the lane that

received 250 passes in lug soled
boots after five years of recovery view is from the end
opposite that in figure 1
3

ietter are not
lettel
the same column followed by the same letter

dunn s multiple range test

significantly different duncan
dun n

p

05

cryptogam cover was reduced by 50 after
15 passes and was reduced to zero after 250
passes table 1 at this point the organisms
eviwere so widely dispersed that all visual evi
evl
dence of their existence disappeared fig 1
pedestals also occurred rapidly
destruction of ofpedestals
2a the vertical distance below the
fig aa
transect increased 13 mm
min following 15 passes
additional trampling caused no significant
further compression the pedestals were
already destroyed surface roughness as
measured by the mean coefficient of variation
of the vertical distances declined as the
pedestals were pulverized table 1 all treatments were significantly different from the
control but not from each other A blackened irregular aggregated soil surface was
replaced after trampling by a flat surface of
unconsolidated sands which was much more
vulnerable to erosion
substantial recovery occurred in the first

year after trampling ceased after one year of
recovery cryptogam cover had increased signific
nificantly
antly table 2 and vertical distance had
decreased significantly fig 2b
ab however
surface roughness had not increased table 2
the unconsolidated sands left by trampling
had re aggregated into a smooth raised crust
but neither pedestals nor the blackened veneer of organisms had reformed after three
of recovery vertical distances were simyears ofrecovery
ilar to pre trampling levels cryptogam cover
had increased dramatically as had surface
roughness although both were still below
pre trampling values table 2 after five
years of recovery crypt
cryptogam
ogain cover had returned to pre trampling levels at this point
all visual evidence of damage was gone
fig 3 surface roughness values remained
depressed table 2 however suggesting
that pedestals had not redeveloped fully
structural destruction
the typical pattern of ofstructural
and recovery is illustrated in figure 4 which
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470
W

0Z

undisturbed

vund13turiied

AFTER

1

1I

490

YEAR

000

ln

0 510
J

0
F

AFTER 5 YEARS

530

50 PASSES

LU

4

8

12

16

DISTANCE ACROSS

20

4

horizontal

8

12

TRANSECT

16

20

cm

Vei tical distance from a horizontal transect
4 vertical
vel
to the ground surface a before trampling b after 50
passes c after one year of recovery and d after five
years of recovery data are for one of five transects across
m tennis shoes
the lane trampled in

fig

shows the changes that occurred under one of
the transects fifty passes with tennis shoes
increased mean vertical distance and decreased variations between adjacent sample
points the redevelopment of a soil crust during the first year of recovery reduced vertical
distance iiee the ground surface apparently
rose but surface irregularity remained low
after five years of recovery the surface was
more irregular than after trampling but less
irregular than before trampling

discussion

these results illustrate the damage hikers

can do to cryptogamic soil the structure of
these crusts was destroyed by only 15 passes
and cryptogam cover was negligible after only
50 passes compared with the response of
vascular plants to similar levels of trampling
disturbance cryptogamic crusts are highly
fragile but moderately resilient cole 1985
1988 no other experimentally trampled vegetated surfaces have been denuded by such
low levels of trampling
recovery was surprisingly rapid however
this conclusion agrees with that of studies of
recovery after grazing and fire johansen et al
1984 johansen and st clair 1986 which
report more rapid and extensive recovery
than anticipated in this study recovery rates
were probably increased by the close proximity of inoculum to the disturbed lanes and by
the fact that disturbance occurred only once
and was then removed this study and previous ones rely primarily on visual criteria for

volume 50

evaluating recovery the depressed surface
roughness values five years after trampling
suggest that complete recovery will take longer than five years on disturbed sites at
Canyon lands national park such parameters
canyonlands
as chlorophyll content species diversity and
the thickness of the subsurface gelatinous
sheaths that bind soil particles remain low
even after crusts appear to have recovered

belnap 1990

the

finding that the crustal surface rose
during the first few years following the cessation of trampling is intriguing the process by
which pinnacled crusts develop is not well
understood but this result suggests that they
may develop through accretion rather than
erosion if they were erosional features the
undisturbed
un
disturbed strips should have remained conspicuously higher than the treatment lanes
this was not the case
given the fragility of these crusts random
trampling by backcountry
backcountry recreationists is capable of seriously impacting large areas very
low levels of ongoing use will maintain high
levels of disturbance this shows up most
commonly as webs of trails that surround trail
junctions camping areas and points of interarid
and parks of the southwestern united
est in arld
states it is important to educate visitors about
of cryp
the nature importance and fragility ofcryp
crap
togamic crusts with this knowledge visitors
are more likely to voluntarily minimize trampling of crusts and support management
actions taken to protect areas of crust most
visitors neither recognize cryptograms
crypto gams as
cryptogams
fragile vegetation nor realize their importance
to site stability it is also important to locate
trails camping areas and other activity sites
away from places with well developed crust
and where this is not possible to try to confine traffic to one well developed route
the one positive management implication
of this research lies in the finding of relatively fast visual recovery where it is possible
to eliminate trampling crusts can quickly
reestablish themselves in this experiment
trampling left an apparently sterile surface of
sand that in reality was heavily inoculated
with crustal organisms managers can speed
recovery of disturbed areas by inoculating
them st glair
clair et al 1986 moreover even
though complete recovery may take much
more than five years the rapid elimination of

1990
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cryptogams
CRYPTO
GAMS
disturbance OF cryptograms

the visual evidence of damage is helpful this
makes it easier for managers to keep visitors
off certain trails and campsites
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EIMERIA SP apicomplexa eimeriidae FROM WYOMING
GROUND SQUIRRELS spermophilus ELEGANS AND
WHITE TAILED PRAIRIE DOGS CYNOMYS LEUCURUS IN WYOMING
12
shults12
shuits
robert S seville nancy L stanton and george
larry M shults
1

1

E menkens

jr

133

six species of the coccidian genus eimeria
larime rensis prevalence 17
lartmerensis
E bilamellata
elmeria E larimerensis
bilamellate 12
inlamellata
E beeche
beecheyi
callosperinophih 21
E morainensis 43
phili 5
E callosperinophili
spermophile
spermophih
spermophili
were recovered from
yi 34
211 and E spermo
elegans delegans
elegans collected during 1983 1984 1985 and 1986 infected
wyoming ground squirrels spermophilus delegans
elegans
ground squirrels were found to harbor from one to five species simultaneously the 1007 hosts examined were collected
from two different habitats 1 a xeric
xenc
benc desert shrub steppe and 2 an irrigated alfalfa brome field all species of Eimeria
occurred at each study site during all years although the prevalence of each species varied between years this is the
first report of these con
congeries
geries of species infecting this host in a second study of sympatric populations of wyoming
ground squirrels and white tailed prairie dogs cynomys leucurus
leuc urus we found three species of
ofE
Eimeria
elmeria
imena present in both
host populations E beecheyi
beeche yi white tailed prairie dog prevalence
83
52
E
wyoming ground squirrel
and E bilamellata
52
10
bilamellate 17
this is the first report of these three species infecting
morainensis 22
white tailed prairie dogs eimeria
larime rensis was found in wyoming ground squirrels but not in prairie dogs
elmeria larimerensis
ABSTRACT

1990 recently reported
17 species of eimeria from ground squirrels of
the genus spermophilus in most cases these
species of eimeria
elmeria were described from small
samples ofhosts collected from restricted geographic locations and only 1I or 2 species were

levine and ivens

recovered from the limited sample population
of squirrels they listed no species from the
wyoming ground squirrel spermophilus ele
gans kennicott 1863
additionally duszynski 1986 has reported that the host specificity of the coccidian genus eimeria may be rather broad for
example eimeria bilamellata
bilamellate henry 1932
has been reported in nine species of ground
squirrels spermophilus app
spp
levine and
larime rensis vetterling
ivens 1990 and E larimerensis
1964 has been found in five ground squirrel
species white tailed prairie dogs cynomys
leucurus merriam 1890 todd and hamleucurus
mond 1968a and black tailed prairie dogs
ludovic ianus ord 1815 vetterling 1964
C ludovicianus
cross transmission experiments with oocysts
oocystis
from prairie dogs inoculated into ground
squirrels have been successful todd and
hammond 1968a 1968b todd et al 1968
the purpose of this paper is to report
the prevalence of six ei merian species in two

populations of wyoming ground squirrels
occurring in two habitats and to report the
eimerian parasites of sympatric populations of
wyoming ground squirrels and white tailed
prairie dogs
METHODS

part of an ongoing study on the life history of the wyoming ground squirrel 1007
individuals were examined for the presence
of coccidian parasites of the genus eimeria
over a four year period these hosts were collected from two habitats 1 xeric cold desert
shrub steppe 14 km north of baggs wyoming 10745w 4117n and 2 an irrigated
alfalfa brome field 10 km south of laramie
wyoming 10533w 4112n
in late june and early july of 1983 and 1986
ground squirrels were snap trapped in both
study areas using three 40 X 50 trapping grids
og
06
006
.66 ha with traps set every 5 m 240 total
traps in 1984 and 1985 squirrels were randomly shot within the study sites throughout
their summer active season april august
all squirrels were weighed sexed and ne
dropsied
cropsied
sied fecal material was obtained during
crop
necropsy from the lower large intestine
As

ofzoology and physiology university of ofwyoming
wyoming laramie wyoming
department of zoology

present address toxikon environmental sciences
enow
3now
ow deceased dr
di menkens

106
plane was lost at sea on 8

USA 82071
USA 33477

coastal way jupiter florida
november 1990 while flying a polar bear survey for the USFWS
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second study was initiated in conjunction with a white tailed prairie dog study conducted by menkens and anderson 1989 the
study area located 11 km south of laramie
wyoming 10540w 4120n contained
elegans
leuc urus and S delegans
populations of both C leucurus
as well as a small population of 13 lined ground
squirrels S tridecemlineatus mitchill 1821
A trapping grid of 113
11.3
113 ha containing 176 national live traps was established traps were
baited with oats and opened before daylight
each morning after a four hour trapping period the traps were closed for the remainder
of the day trapped animals were weighed
sexed and released feces were collected
from each trap following the animal s release
trapping occurred over a five day period
3 7 july 1987

all fecal samples collected in both studies
were placed in 2 potassium dichromate
C for two to
solution at room temperature 25 Q
three weeks to allow oocyst sporulation for
oocysts
species identification sporulated oocystis
flotation in saturated sucrose
were isolated by notation
1.2
12 and
flotation solution specific gravity
identified at loox objective with an olympus
CH compound microscope

lg
ig

RESULTS

in the first study 613 ground squirrels
were collected from the irrigated site and
394 from the xeric site six species of elmeria
eimeria
were found infecting both populations for
the entire sample 26 of the squirrels harbored one eimerman
ei
eimerian species 26 had two spemerian
cies 13 had three species 2 had four and
only two animals were infected with five species simultaneously
during the four year sampling period 168
S delegans
elegans examined were inof 1007 17
larime rensis significantly
fected with E larimerensis
more hosts were infected in the irrigated
than in the xeric site 6
study site 23
chi2
01 table 1
oi.01
chia
chi p 5 01
ehl
ehi
bilamellate was found infecting
eimeria bilamellata
11
of the squirrels examined the prevabilamellate varied among years
lence of E bilamellata
and sites but there were never more than
21 of the hosts infected at any site during
any year table 1 overall there was no signific
nificant
ant difference in prevalence between the
chi2 p
10
chi
two sites over the four years chia
ehi
ehl

beeche yi henry 1932 was the seceimeria beecheyi
ond most prevalent species found during the
study 34
and for the four year period the
prevalence was higher in the alfalfa field 38
vs 27
but the difference was not significhi2 p
10 table 1
cant chia
eimeria morainensis torbett marquardt
and carey 1982 was the most prevalent spesignificies found during the study 43
cantly more hosts were infected with this species at the irrigated site 55 vs 25 during
chi2 p
01
.011 table 1
oi001
the four years chia
eimeria callospermophili henry 1932 was
found infecting 21 of the squirrels examined it was present in both populations but
no difference in prevalence was found between the two study sites over the four years
10 table 1
p
spermophile
spermo phili hilton and mahrt
eimeria spermophili
1971 was the least common species found dur-

chi2
chia

ing this study 5
it occurred in only a few
hosts from each study site and no significant
difference in prevalence occurred between
chi2 p
.10 table 1
chi
10
the two sites chia
ehi
ehl
69 S delegans
elegans
el
egans
of69s
in the second study a total of
18 C leucurus
leuc urus and one S tridecemlineatus
were trapped over the five day period of
elegans 68 and 17 C leucurus
leuc urus
these 47 S delegans
94
were positive for the presence of eimeand
elegans 52
oo cysts thirty six S delegans
oocysts
ria oocystis
15 C leucurus
leuc urus 83
were infected with
elegans 52
beecheyi similarly 36 S delegans
E beecheyi
harbored E
and 4 C leuc
leucurus
urus 22
and
leuc urus 17
morainensis three C leucurus
7 S delegans
elegans 10 were infected with E bil
larime rensis infected 3
amellata
ame llata eimeria larimerensis
S delegans
leucu
elegans 4 and none of the 18 C leacu
rus up to three ei merian species were found
co occurring in individual hosts

discussion
larimerensis
rensis was first described
eimeria larime
ludovic ianus from larimer county
from C ludovicianus
colorado vetterling 1964 in 1968 this eime
rian was reported by todd and hammond

from an additional seven species of spermophilus
philus including S armatus
mo
areatus kennicott
1863 from utah and montana S variegatus
varie gatus
erxleben 1777 from utah S tridecemlinea
tus from wyoming S lateralis say 1823 from
beeche yi richardson 1829 from caliutah S beecheyi
leucurus
fornia C leuc
urus merriam 1890 from
wyoming todd and hammond 1968b and
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number and percentage of ofwyoming
wyoming ground squirrels spermophilus delegans
elegans
elegans infected by Ei
elmeria
eimeria
merta sp by
merio
meria
year samples N 1007 were taken from two habitats in wyoming animals may be infected simultaneously by more
than one species of
ofeimeria
ofE
ofeimena
Eimeria
elmeria
imena
TABLE 1

1983
19 83

species

xeric

mesic
N 3143

of

1 1984
984

N

no

mesic

212

no

elmeria
eimeria

ofsquirrels
of squirrels
infected

larimerensis
lanmerensis
larime rensis
bilamellata
bilamellate
beecheyi
beeche yi
morainensis
callospermophili
callospennophili
spermophile
spermo
spermophtlt
spermophili
phili

53
35
45
128
83
19

17
11
14

41

26
6

of squirrels
infected

N

of

179

no

no

no

of squirrels
infected

ofsquirrels
of squirrels
infected

of squirrels
infected

10
2

29

8

6

8

26
34
33
4

12
16
16
2

7
16

21
38
47

22
28
30

6

18

2

11
11

31

39
42
3

N

8
17

37
52
18

2

74

N

9
20
43
60
21
2

4

5

1

1

45
25

61

17

8

34
23
10

xeric

mesic
N

36

613

N

394

no

no

no

no

elmeria
eimeria

ofsquirrels
of squirrels
infected

ofsquirrels
of squirrels
infected

of ofsquirrels
squirrels
infected

of ofsquirrels
squirrels
infected

larimerensis
larime
rensis
bilamellata
bilamellate
beecheyi
beeche yi
morainensis
callospermophili
spermo
spermophile
spermophtli
spermophili
phili

72
37
143
143
16
8

40
21
80
80
9
4

86

total
xeric

mesic

N

6
3

1986

species

ac

n7272

12
7

13

xei 1c
aei
xeric

N

no

of squirrels
infected

me sic
mesic
mesie
mesle
sie

xeric

34

N

1985
85

1
1

13
12

0
0

3
3
36
33
0
0

143
91

23

b
25b
25

6

15

7

232
336
133
35

38
55
22
6

26
106
99b
99
80
14

27
25
20
4

number of squirrels examined
bsignifiant p
significant

01

spirosoma
spilo
spilosoma
soma bennett 1833 from colorado
broda and schmidt 1978 experimentally
todd and hammond 1968b inoculated what
they called S richardsonii
richardsonia
nii sabine 1822 with
richardso
E laramerensis
larame rensis although all eight individuals developed severe diarrhea three to four
days post inoculation no oocystis
oocysts were recovered spermophilus richardsonia
richardsonii
nii from wyorichardso
ming has since been elevated to specific
elegans by zegers 1984
elegans
status S delegans
bilamellate was first described
eimeria bilamellata
from S lateralis in california henry 1932 it
has been reported from S citellus linnaeus
1766 in hungary and czechoslovakia peller
dy
dyand
and babos 1953 Sfranklinii
nil sabine 1822
deand
frankli nii
sfranklinii
franklinic
from iowa hall and knipling 1935 S arma
beeche yi from
tus from utah and wyoming S beecheyi
california and S varie
gatus from utah todd
variegatus
et al 1968 todd et al 1968 were unable
experimentally to infect S richardsonia
richardsonii
nii syn
richardso
S delegans
el
elegans
egans from wyoming with sporulated
oocysts
oocystis from any of the above donor hosts
beeche yi was originally described
eimeria beecheyi
from S beecheyi
beeche yi collected in california
S

henry 1932 since its first report it has been
found only in S re
refictus
relictus
reh
ref
abelov
lictus
ictus in the USSR abenov

and svanbaev 1982
eimeria morainensis was first described by
torbett et al 1982 from S lateralis collected
in northern colorado this is only the second
report of the occurrence of E morainensis
eimeria callospermophili was first described from S lateralis in california henry
1932 more recently it has been reported
from that same host in northern colorado
torbett et al 1982 this species is widespread both in its host and geographical distribution having been reported from S felvus
fulvus
lichtenstein 1823 and S maximus pallas
1778 in the soviet union levine and ivens
1990 S spilosoma
spilo soma from mexico levine
spirosoma
beldingi merriam 1888 from
et al 1957 S beldingi
california veluvolu and levine 1984
S columbianus
columb ianus ord 1815 S franklinii
nii and
franklinic
frankli
S richardsonii
richardsonia
nii in alberta canada hilton
richardso
and mahrt 1971 in addition todd and hammond 1968a found this species in six species
of spermophilus and C leucurus
leuc urus S areatus
armatus
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from utah and montana S richardsonia
richardsonii
nii from
richardso
elegans
montana and wyoming syn S delegans
S beecheyi
beeche yi from california S lateralis and
S variegatus
varle
varie
uarie
ariegatus
arie gatus from utah and S tridecemlin
afie
arle
leuc urus from wyoming
eatus and C leucurus
batus
spermophile
spermo phili was first described by
eimeria spermophili
richardsonia
richardsonii
hilton and mahrt 1971 from S richardso
nii
collected in alberta canada they also found
this species in S franklinic
nii from the same
franklinii
frankli

area

this is the first report of these

six ei merian

elegans and the first of E
species infecting S delegans
beecheyi
bilamellate
beeche yi E morainensis and E bilamellata
leucurus
in C leucurus
in the first study although the number of
infected ground squirrels changed from
year to year the same species were present
at both locations throughout the four year
period the large sample collected from different habitats over a four year period indicates that a single ground squirrel population
can be infected with several species of eimeria with a few exceptions the results of this
study suggest that if intensive sampling were
conducted with any of the other species of
spermophilus more species of eimeria would
be found parker et al in review
moreover the known species of eimeria
may be considerably more widespread in
their host distribution As noted above several reports of sharing of coccidian parasites
between species within a genus and between
different genera of sciurid hosts exist todd
and hammond 1968a 1968b todd et al
1968 duszynski 1986 veluvolu and levine
1984 stated that an individual ei merian species may infect at least 11 host species however most previous coccidian surveys of host
populations have reported a low species richness of the parasite community todd and
hammond 1968b reported the presence of
E larimerensis
larime rensis in 5 species of spermophilus
leuc urus they did not find this species
and C leucurus
el
elegans
egans nor could they experimentally
in S delegans
establish an infection in this species this contrasts with the results of our first study in
which we found 18 of the ground squirrels
infected with this species eimeria bilamel
ground
lata was also reported from a variety of ofground
squirrels by todd et al 1968 although they
did not find this species in wild populations
of
leucurus
richardsonia
urus or S richardsonii
nii syn S ele
ofaC leuc
ofc
richardso
gans these results also differ from ours in
elegans infected
that we found 14 of 1007 S delegans

volume 50

with this species however shults 1986
could not experimentally establish infections
in this host even after immunosuppression
with corticosteroids for seven days prior to
inoculation
beecheyi are
eimeria morainensis and E beecheyi
two of the most common protozoan parasites
elegans but neither species has
infecting S delegans
leuc urus
been previously reported from C leucurus
it is interesting to note that of the species
of eimeria originally described from C ludo
ludovic iani
viciani
ciciani by vetterling 1964 E ludoviciani
larime rensis and which
E cynomysis
cynomys is E larimerensis
have also been identified from C leucurus
leucurus in
northwestern wyoming seville and williams 1989 none were found in C leucurus
leuc urus
from our site

acknowledgments

the authors thank dr

kingston department of veterinary sciences university
of wyoming for critical review of the
manuscript this research was supported in
part by NSF grant BSR 8909887 and the
office of research university of wyoming
N

literature CITED
Mater naly
D B AND S K SVANBAEV 1982 matenaly
materialy
Mate
laly po
ialy
materiale
koktsidis reliktovogo suslika citellus
izucheniyu koktsidii
felick tus v kazakhstane pages 3 5 in zayance
relick
rehcktus
relicktus
zayanch
kauskas et al eds kishechnye prosteiche
Pros teiche instilitovsky SSR aka
tute zoology parazitologica litovsk
demie nauk
ayus
bauk SSR vil nyus
BRODA R J AND G D SCHMIDT 1978 endoparasites
Endo parasites of
the spotted ground squirrel spermophilus spilo
soma bennett 1833 from colorado journal of
helminthology 52 321 326
DUSZYNSKI D W 1986 host specificity m
in the coccidia of
small mammals fact or fiction symposia biological
Biolo gica
biologica
Hun
gariea 33 325 337
garica
hunganca33
hungarica
HALL P R AND
ANDE
E F KNIPLING 1935 eimeriafranklinii
eimeria frankhmi
and eimeria eu becken two new species of coccidia from franklin ground squirrel citellus
franklinic
franklinii
nii journal of parasitology 21 128 129
frankli
HENRY D P 1932 observations on the coccidia of small
mammals in california with descriptions of seven
new species university of california publications
m zoology 37 279 290
in
HILTON D F J AND J L MAHRT 1971 eimeria sper
mophih nsp
mophili
ansp
n sp and other eimeria spp
app sporozoa
moshih
dae from three species of alberta spereimeridae
eimendae
Eimen
elmen
Eimer
elmer idae
mophilus
mo
philus rodentia sciuridae canadian journal
of ofzoology
zoology 49 699 701
LEVINE N D V IVENS AND
ANDF
F J kruidenier 1957 new
species of eimeria from arizona rodents journal
of protozoology 4 80 88

ABENOV

1990

COCCIDIAN
1990

sciuromorpha
occurrence IN WYOMING sciuromorphs

protozoa sporozoa
boca raton florida

the coccidian parasites

of rodents CRC press
228 pp
ap
MENKENS G E JR AND S H ANDERSON 1989 tempo
ral spatial variation in the white tailed prairie dog
demography and life histories in wyoming canadian journal of zoology 67 343 349
PELLERDY L AND A BABOS 1953 zur kenntnis der
Veteri
veterinarian
Veter naria
kokzidien aus citellus citellus acta veterinaria
veterinana
inana
narla
Scien
academiae
Hungar
scientariurn
academial scientanum
leae 3 167 172
icae
selentanum
hungaricae
hungancae
SEVILLE R S AND
E S WILLIAMS 1989 endoparasites
ANDE
Endo parasites of
leuc urus at
the white tailed prairie dog cynomys leucurus
meeteetse
Mee teetse park county wyoming proceedings
washington 56
odthe
of
the helminthological society of ofwashington
ofthe
204 206
SHULTS L M 1986 coccidian parasites eimeriidae
eirnerndae
of the wyoming ground squirrel spermophilus
delegans
elegans unpublished dissertation university of
pp
wyoming laramie 101 ap
TODD K S JR AND D M HAMMOND 1968a life cycle
and host specificity of eimeria
callospermophih
elmeria callospennophili
henry 1932 from the uinta ground squirrel
spermophilus areatus
armatus journal of protozoology
15
isi 1 8
lsi
151
1968b life cycle and host specificity of eimeria
elmeria
larime rensis vetterling 1964 from the uinta
larimerensis
lanine
laninerensis

331

ground squirrel spermophilus armatus
areatus journal of
protozoology 15 268 275
TODD K S JR D M HAMMOND AND L C ANDERSON
ANDEBSON
1968 observations on the life cycle of eimeria
elmeria
bilamellate henry 1932 in the uinta ground
bilamellata
squirrel spermophilus areatus
armatus journal of protozoology 15 732 740
TORBETT B E W C MARQUARDT
MAKQUARDT AND A C CAREY
1982 A new species of elmeria
eimeria from the golden

mantled ground squirrel spermophilus late
lateralis
rahs
in northern colorado journal of protozoology 29
157 159
VELUVOLU P AND N D LEVINE 1984

belding
eimeria beldt
elmeria
beldi
ngnii
ansp
n sp and other coccidia apicomplexa of the
nsp
ground squirrel spermophilus belding
beldingn
beldingii
beldt ii journal
of protozoology 31 357 358

vetterling

coccidia eimeria from the
ludovic ianus in northern
prairie dog cynomys ludovicianus
colorado journal of protozoology 11 89 911
ZEGERS D A 1984 spermophilus
elegans mammalian
Sperin ophilus delegans
species no 214 1 7 american society of mam
J M

1964

malogists

received I1 august 1990
revised 8 january 1991
accepted 24 january 1991

great basin naturalist 504

1990 pp
ap 333 338

EMERGENCE ATTACK DENSITIES AND HOST relationships
FOR THE DOUGLAS FIR BEETLE
REETLE dendroctonus pseudotsugae
HOPKINS IN NORTHERN COLORADO
lessardi 1 and J M schmid2
E D lessard
schmida

douglas fir beetle infested douglas fir trees were partially caged to determine the emergence period
and beetle production beetles began emerging in april but emergence peaked between 10 and 26 june in 1987 and
1988 beetle emergence averaged 20 or more per sq
aq ft of bark annual growth of the infested trees showed a decline
prior to the beetle outbreak followed by an increase during the outbreak
ABSTRACT

the douglas

fir beetle dendroctonus
pseudotsugae hopkins is usually an insignificant pest of douglas fir pseudotsugae men
ziesig
mirbj
mirb
ziesii birb
mirba franco in the front range of
colorado the beetle s life cycle generally
lasts one year although a partial second generation has been noted in other parts of its
range the beetle prefers windthrown
wind thrown trees
but will infest standing trees during droughts
or high population levels wood 1963 standing trees also become more susceptible to
infestation by the douglas fir beetle after
severe defoliation by insects wright et al
1984

in 1972 western spruce budworm choris
occidentalist
occident alis freeman populations
toneura occidentalis
began to increase in roosevelt national
forest west of fort collins defoliation was
noticeable moderate and limited to 3500
acres 1378 ha in 1974 minnemeyer 1974
but by 1976 54000 acres 21260 ha were
moderately to severely defoliated parts of
poudre canyon the location in this study
were severely defoliated cresap 1976 in
1977 the area of severe defoliation more than
doubled on the forest 115840 acres 45606
ha defoliation continually increased from
1977 until 1983 reaching a maximum of
469000 acres 184646 ha see raimo 1983
defoliation in poudre canyon while noted as
early as 1976 was confined to particular portions and was not extensive throughout until
1980 see linnane 1977 1981 thereafter it
was extensive and moderate to severe on most
north facing slopes until 1983 84
forest
forest pest management

although the acreage of moderately to
severely defoliated stands progressively increased from 1977 to 1983 egg mass densities
peaked in 1980 four years prior to the maximum acreage defoliation and had declined
substantially by 1984 see raimo 1983 1984
by 1985 population levels became endemic
with only light defoliation visible

the budworm outbreak subsided
douglas fir beetle populations began to increase scattered groups of faded trees were
observed in the mid 1970s subsequently
beetle killed douglas fir have increased both
in numbers and in geographic extent T
J M
schmid personal ob
observation
servati on numerous
observati
stands of douglas fir on north facing slopes
suffered significant tree mortality
because tree mortality became significant
and our knowledge of the life history and
habits of the douglas fir beetle in colorado
was deficient the current infestations provided an opportunity to learn more about the
beetle s life history and habits in douglas fir
stands in colorado and expanded our knowledge of the geographic variation in these
aspects of the beetle s biology
As

METHODS

to monitor beetle emergence

we attached
1 X 2 ft
3.3 X 6 m wire screen emergence
cages to infested trees in poudre canyon
west of fort collins colorado in late february 1987 two cages were attached at breast
height on each of five randomly selected

anchorage alaska 99601
brocky
2rocky
ocky mountain forest and range experiment station fort collins colorado 80526
oeky
R 10

333

334

E D LESSARD AND J M SCHMID

1986 infested trees at each of three locations

the narrows pingree park road turnoff and
near BM 6998 east of indian meadows on
april 3 another five trees near crystal lakes
northwest of red feather lakes were caged
in the same manner
to monitor emergence in 1988 we attached cages as described above to five 1987
infested trees on each of four sites near crystal lakes northwest of red feather lakes
and in poudre canyon in late september
1987 and also near camman springs south of
poudre canyon and near black mountain
north of red feather lakes in late october
cages were attached at breast height for
practical purposes furniss 1962 recommended sampling for attack and brood densities at the midpoint on the bole because attack
densities were twice as great there as at breast
height attack success was greatest in the midpoint zone and live brood was greater furniss worked on standing trees that averaged
20 inches in diameter at breast height and
ranged in height from 79 to 162 ft the sampling point on the average tree was thus 40 ft
or more aboveground in contrast our trees
averaged 15 inches in diameter at breast
height with trees only at the pingree park
road site averaging 20 inches tree height
ranged from 34 to 88 ft although furniss
recommended sampling at or near the midpoint of the bole it should be noted that he
felled his trees for sampling and did not extract his samples from standing trees in addition the zone of optimum sampling is lower
on smaller trees in the southern portion of
the trees range ie southern utah than in
idaho where furniss did his study because
our trees were smaller and were not to be
felled the terrain was difficult at some sites
and there was no evidence to suggest that
the beetle s emergence pattern varied with
height we attached cages at breast height
during 1987 and 1988 cages were checked
at one- to two week intervals from 1I april to
1I july after 1
I july cages were checked at
irregular intervals through september during each check period the number of emerging adults was recorded for each cage and
observations were made on the discoloration
of foliage on the infested trees
aq ft
the density of emerging beetles per sq
m2
.09
09 ma
m of bark surface was determined by
dividing the total number of beetles emerging
og
09
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in each cage by the surface area covered by
m
each cage ca 2 sq
18 m2
ma beetle numaq ft 18 .18
bers were subjected to one way analysis of
variance to determine if differences among
os
.05
05
locations were significant alpha
05
beetle numbers at breast height were also
tested against their respective tree diameters
to determine if beetle production was related
to tree diameter DBH for each year tree
diameters were grouped into three classes
and beetle numbers among diameter classes
were tested for significant differences using
05
.05
analysis of variance alpha
05 for 1987
the diameter classes in inches cm were
75
96
ts
112
7.5 gg
9.6 19 24
15.7 31 61 and
11.2 157
75
96
157
112
162
24.3
16.2 243
243 41 62 for 1988 diameter classes
162
9.3
13.3
were 93
12.5
12.6
93 125
133 32 34
125 24 32 126
126 133
and 134
13.4 180
18.0 34 46 diameter classes dif134
180
fered between 1987 and 1988 because the
diameters of the infested trees were different
A one way ANOVA
AN OVA was used because all
diameter classes were not equally present on
all locations
population trend was evaluated by dividing
the density of emerging beetles by twice the
density of attacks this assumes a pair of
beetles creates each attack when the ratio
of emerging beetle density to attack density
exceeds one the beetle population is increasing when the ratio is less than one the population is decreasing
the density of beetle attacks on standing
trees was determined by removing 6 X 12
inch 15 X 30 cm bark samples from or near
breast height two samples were removed
from each 1986 infested tree in late october
1987 two samples from each 1987 infested
tree were removed in late september 1987
the bark samples from 1987 infested trees
were also used to determine brood density
and stage of development
to determine past growth rates of the 1986
infested trees we extracted increment cores
from the caged trees at breast height annual
radial growth for each of the last 20 years
.001
was measured to ooi
03 mm mean
001 inch 03 .03
ool
annual growth was determined for all trees
from each of the four locations annual growth
during the three preceding five year periods
1972 76 1977 81 1982 86 was analyzed
for significant differences in the periodic
growth rate using one way analysis of variance
.05
05
alpha
05 separate one way analysis of
variance was used for each location because
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total number of douglas fir beetles emerging from five trees at four locations in the arapaho roosevelt
national forest colorado in 1987 and 1988
1

the variability in site and stand conditions
would not yield meaningful results in a more
complex statistical design testing for differences among locations and their interactions
periodic growth for the five year periods
was also used to compute mahoney s PGR
mahoney 1978 which is the ratio of the
growth for one five year period to the growth
for the previous five years
signifi
when analysis of variance indicated signify

cant differences among the means tukey s
test was used to determine which means were
os
.05
different alpha 05
05 steel and torrie 1960
RESULTS AND

EMERGENCE

discussion

adults began emerging in

mid april of both years fig 1 continuing to
emerge at low rates until early june emergence peaked between 10 and 26 june in both

E D LESSARD
AND J M SCHMID
lessardandj
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ma
mean number of douglas fir beetles emerging per sq
m2 of bark for several locations in the
aq ft 09 m
arapaho roosevelt national forest within the same year means followed by the same letter are not significantly
05
different alpha
TABLE 1

number
of trees
oftrees
location
narrows
pingree park road

1987

1988

5

2
2

5
5
5

BM 6998

crystal lakes
camman spring
black mountain

number of beetles

5
5
5
5

og
09

og
09

table

1

t SSDD

1987

2
2
2
2
2
2

years adults rarely emerged after 1I july in
terms of percentage of the emerging populations 18 of the beetles had emerged by 10
june in 1987 and 4 in 1988 77 and 92
emerged between 10 and 26 june in 1987
and 1988 5 and 4 emerged after 26 june
respectively after 1 july 2 or less emerged
in both years
wood 1963 noted two principal flight
periods for the douglas fir beetle in california oregon and utah depending on the
over wintering life stage one during may
overwintering
june and another during july august in this
study we found only one principal flight
period if a second flight period is occurring
we believe the beetles are re emerging adults
not new adults emerging later from the caged
hosts
DENSITY OF EMERGING ADULTS
the numma of
09 m2
ber of adults emerging per aq
sq ft .09
bark surface ranged from 6 to 82 in 1987 and
0 to 88 in 1988 mean numbers per aq
09
sq ft .09
ma
m22 ofbark showed significant variation among
m
areas in 1987 and 1988 but tukey s test did
not reveal significant pairwise comparisons in
1987

Y
x

cages
per tree
27
40
21
39

1988

14 a

20 a
15 a
18 a

28 ab
A
33 a
33a
10 b
lob
iob

30
55
8

lib

10

mean number of douglas fir beetles emergma of bark by diameter class within
aq ft 09 m2
ing per sq
the same year means followed by the same letter are not
significantly different alpha
05
TABLE 2

number
diameter class
inches cm

75
11
1122

16 2
162

96

19 24

15.7
1577 28 40
243
24 3 41 62
24.3
243
157
15

number
of trees
oftrees
1987
5
7
8

ofbeetles
of beetles
aex
5e
S
D
SD

21

15 a

36
34

16 a
21 a

1988
993
3
12
1266
13 4
134

12
1255 24 32

6

13.3
1333 32 34
180
18
18.0
1800 34 46

7
7

133
13

22
20
35

L

and atkins 1961 and quantity of food tree
size not number of trees as hypothesized by
wright et al 1984 larger trees provide adequate food to produce an increasing population until the attack density exceeds 12 per aq
sq
ma
m22 at greater densities competition
09 M
ft 09og .09
causes beetle production to decrease smaller
trees generally have production rates less
than one even when attack densities are 8 12
m2 because smaller trees do
09 ma
sq ft .09
per aq
not provide sufficient phloem for developing
larvae
beetle densities in this study were about
the same as or greater than those found
by fredericks and jenkins 1988 in logan
canyon utah beetle numbers of 21 22 per
m2 in our diameter classes of 7 13
09 ma
aq
sq ft og09 .09
inches 18 33 cm were comparable to the
ma
beetle numbers at 22 24 per aq
09 m2
sq ft .09
of fredericks and jenkins 1988 in trees
of comparable diameters iiee 22 inches
56 cm
beetle numbers of 34 per aq
sq ft
m2 table 2 in this study were slightly
.09
09 ma
m2 of
greater than the 22 24 per aq
09 ma
sq ft og09 .09
fredericks and jenkins 1988
og
09

although the number of emerging beetles
did not significantly correlate with DBH
ss
8.5
areas where mean tree diameter was 85
85
inches 22 cm or less produced the lowest
number of beetles in addition numbers
were influenced by the density of attacks and
tree diameter the population trend ratio was
12
generally 1 when attack densities were s12
m2 and tree diameter was
10
09 ma
per sq
aq ft .09
inches 25 cm DBH when tree diameter was
10 inches 25 cm the trend ratio was 1
similarly when the density of attacks was
m2 the trend ratio was
14 per sq
09 ma
aq ft .09
generally 1 population trend thus appears
to be influenced by competition mcmullen
912

og
09

og
09

25 a
25a
20
20aa
38 a
38a

og
09

og
09

19901
1990
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mean annual radial growth in 001 inch 025 cm for the periods 1972 76 1977 81 and 1982 86 for
the four 1987 locations within the same location means followed by the same letter are not significantly different
TABLE 3

alpha

05

mean annual growth 001 inch
S E

je
x

1972 76

location
narrows
pingree park road

38

BM 6998

11

crystal lakes

1I11I

7

0a
23
2 3a
2.3
23
og
09
0 9a
0.9
09
1

28
97
28

og
06
0 6 ab
0.6
A 18
06

1977 81
L

12

L 1

6

30

L

2

7
5

2

30
a30
76
b76
18
b18
13
b13

4a
1 2b
03
0 3b
0.3
03
0 3b

3

1982 86

b
2 ab
A
8a
0a

4

19

1 3

3

33
12
8

1

1
1

1
1

48
84
30
20

3
3
5
3

attacks
the number of ofattacks

during winter the most notable external char-

surface ranged from
8 to 20 in 1986 and 6 to 14 in 1987 within each
location attack densities were not significantly different between aspects mean densities ranged from 9 to 15 in 1986 and 8 to 10
in 1987 comparable to the fifth year attack
densities in oregon of wright et al 1984
because the colorado outbreak appeared to
be in its fifth year the pattern of attack densities during the outbreak may be the same as
in the oregon outbreak in contrast attack
densities from our colorado locations were
62 80
lower than those of the utah outbreak in the recent outbreak in utah attack
densities were high and essentially the same
throughout the first three years fredericks
and jenkins 1988 apparently the utah outbreak exhibited a pattern of attacks different
from either the oregon or colorado outbreaks

act
acteristic
eristic was the debarked bole caused by
woodpecker activity these boles are lighter
in color and can be discerned from more than
100 feet away after october but before the
foliage turned red woodpecker activity was
the best characteristic for locating currently

ATTACK DENSITIES
m2 ofbark
09 ma
of bark
aq ft og09 .09
per sq

discoloration

OF INFESTED TREES

in

february following the attack foliage of most
infested trees was predominantly green only
the lower two or three whorls of branches
having discolored to red brown by late april
most trees had discolored the color ranging
from yellow green to reddish by mid may
most trees were reddish trees with extensive
woodpecker debarring
de
debarking
barking and foliage discoloration in february turned reddish first usually by late april those without these characte
teristics discolored later but had turned by
may foliage usually discolored at different
rates in different crown levels the lower
crown fading first when it was yellow green
the rest of the crown was green when the
upper crown yellowed the lower crown was
already reddish from august through october the best external clues for douglas fir
beetle infestation were cinnamon colored
boring dust andor clear pitch streamers

infested trees
ANNUAL GROWTH

annual radial growth

varied significantly among and within locations significant variation in growth among
locations was expected because of differing
site conditions stand densities and tree ages
rour
bour locations mean annual growth
offous
in three offour
declined significantly in the 1977 81 period
presumably a result of the budworm outbreak
table 3 mean annual radial growth in each
location increased during 1982 86 thus
the increase in douglas fir beetle populations
coincided with increasing growth of the host
mean annual growth for the 1977 81
oos
.005
.013
period ranged from 005
13
03 inch 013
005 inch to 03.03
0013
08
.08
08 cm and for 1982 86 from 008
.008
.033
to os
008 to 033
033
os
.08
02 to 08
08 cm table 3 the growth
inch .02
rate was greatest on large trees situated in a
ravine a more favorable site
the periodic growth ratio PGR exhibited
changes similar to the changes in mean annual
radial growth in three of four locations
PGR became 1 when 1977 81 was compared against 1972 76 PGR then became 1 1I
when 1982 86 was compared with 1977 81
growth rates declined for 1977 81 because of
the budworm defoliation thus the change in
PGR for 1977 81 vs 1972 76 was expected
however the increase in douglas fir beetle
populations with 1 PGR for the 1982 86
period was unexpected most stands susceptible to the mountain pine beetle D pon
derosae hopkins exhibit PGRs 1 and so a
derosan
beetle outbreak coinciding with a period of
increasing growth is unusual
02
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ecological REVIEW OF BLACK TAILED PRAIRIE DOGS AND
associated SPECIES IN WESTERN SOUTH DAKOTA
sharpsr
sharps and daniel W uresk 2
jon C sharps1
black tailed prairie dogs cynomys ludovicianus
ludovic lanus
ludovictanus
tanus
tants
ianus
lants once occupied extensive areas throughout the great
plains in recent years massive control programs have been initiated to reduce prairie dog populations primarily to
benefit the livestock grazing industry currently in western south dakota most prairie dogs are found on public lands
control programs using toxic
ants for prairie dogs have been found to be economically unfeasible when not combined
toxicants
with reductions in livestock grazing control programs also have negatively impacted some nontarget
non target species of birds
and small mammals livestock grazing is directly related to prairie dog densities prairie dog and livestock grazing
activities are responsible for keeping plant phenological development in a suppressed vegetative stage with higher
nutritional qualities that attract greater herbivore use prairie dog colonies create and enhance habitat for many wildlife
species in western south dakota 134 vertebrate wildlife species have been documented on prairie dog towns
scientific evidence strongly suggests that prairie dogs are valuable components of the prairie ecosystem they are
responsible for maintaining creating and regulating habitat bio
biodiversity
diversity through soil and vegetative manipulation for
ofvertebrate and invertebrate species dependent upon prairie dog activity for their survival
a host ofvertebrate
ABSTRACT

quantified information regarding vertebrate wildlife species living on or closely associated with black tailed prairie dog cynomys
ludovic
ludovicianus
ianus colonies is lacking or is only
alluded to in scientific literature to promote
a better understanding of the complexity of
prairie dogs and their habitat requirements
and their importance to vertebrate species of
wildlife we conducted a review of scientific
literature regarding prairie dog biology ecology and associated biopolitics
bio politics pertaining to
land management practices most of the studies and observations reported in this paper
were conducted in western south dakota
where possible corroborating studies and literature from other areas are presented and
their importance discussed

1982

in south dakota most black tailed

prairie dogs are found on lands administered
by US
USDA
DA forest service primarily the buffalo gap national grasslands and fort pierre
national grasslands schenbeck 1982 storch
1989 estimated that prairie dogs inhabited
3000 acres on the south dakota portion of
the nebraska national forest in the 1960s in
the mid 1970s prairie dogs inhabited approximately 20000 acres on the conata
bonata basin portion of the grasslands Schen
sehen
beck 1982
beek
schenbeck
schenbeck s estimate represents an 87 increase over an eight year period the livestock grazing industry claimed estimated
losses of up to 1029
10.29
1029 per acre on pasture and
rangeland and 3000
30
30.00
00 per acre for hayland on a
3000
statewide basis dobbs 1984 and objected to
the increase in prairie dogs

historicalbackground
historical background
historically prairie dogs occupied extensive areas on the great plains ranging from
texas to saskatchewan hall 1981 fig 1
merriam 1902 noted that prairie dogs compete with livestock for forage and are systematically
cally targeted for elimination by livestock
ati
producers the largest areas of land in the
united states currently occupied by prairie
dogs are federally managed lands schenbeck

ECONOMICS OF CONTROL AND
LIVESTOCK GRAZING
livestockgrazing
crazing

the south dakota

livestock industry has
recommended and instigated widespread
wholesale reductions in prairie dog densities
on public land and in 1983 the state legislature listed the prairie dog as a pest and predator clarke 1988 of the 707000 acres in the
ft pierre and buffalo gap national grasslands

wildlife systems HC 82 box 172b box elder south dakota 57719
SDA forest service
Se ivice rocky mountain forest and range experiment station
2usda
selvlee

339

501 E

st joseph street rapid city south dakota 57701
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cotta 1985 snell 1985 schenbeck 1986 reported that habitat suitability for prairie dogs
can be reduced by combining rodenticide use
with changes in livestock grazing practices
the poison bait effects of zinc phosphide
and strychnine treated oats on non
nontarget
target birds
small mammals and other non
nontarget
target species
were evaluated by uresk et al 1988 the
effects on non
nontarget
target bird species showed
varied losses to horned larks depending
upon the density of strychnine treated oats
used with no losses to other avian seed
eaters no measurable reductions in horned
larks were found using zinc phosphide
treated oats although there were indirect
impacts on horned larks resulting from habitat changes prairie dog towns provide habitat
for many seed eating and insectivorous birds
significantly apa 1985 reported that 50
species of birds were observed using prairie
dog towns during the course of his study
while zinc phosphide may not be detrimental to horned larks and the smaller seed
eating birds it has been reported to be relafig 1 distribution of black tailed prairie dog cyno- tively toxic to gallinaceous birds record and
swick 1983
ludovic ianus on the great plains adapted from hall
mys ludovicianus
1981
studies by koford 1958 smith 1958
snell and hlavacheck 1980 and uresk et al
1982 indicated that excluding or decreasing
approximately 10000 acres are currently occupied by prairie dogs storch 1989 control cattle grazing increases cool season grass denwheat grass and needlegrass
needle grass and reduces
of prairie dogs has usually been initiated with- sity wheatgrass
dog colony size on mid and short grass
prairie
out consideration of the value of forage gained
rangeland
method
of
this
dog
control
prairie
al
collins et
1984 or the effect on wildlife
has historically been opposed or rejected by
species associated with prairie dogs and their the livestock
grazing community although
habitat sharps 1988
heavily grazed rangelands give rise to very
an economic analysis of prairie dog control slow forage improvement prairie dogs alone
by collins et al 1984 found it was not eco- are generally not responsible for
range deterinomically feasible to poison prairie dogs in the oration uresk 1987 prairie dog
no
expansion is
conata
zine phosphide because related to livestock grazing uresk et al 1982
bonata basin using zinc
the annual control costs exceeded the value of uresk and bjugstad 1983 black tailed prairie
forage gained also based on burrow counts
dogs usually disperse during may and june
prairie dog densities were significantly less on and have been reported to move and become
areas excluded to cattle than on areas grazed established an average of three miles from
by cattle uresk et al 1982 herbicide appli- their original towns garrett and franklin
cations to reduce forb production and thus 1981 cincotta et al 1987 they will repopureduce prairie dog densities were also found late their towns to initial population numbers
to be an inefficient control method because in three years schenbeck 1982 cincotta
prairie dogs changed their diets from forbs to et al 1987 economically control of prairie
grasses fagerstone et al 1977 it has long dogs is not feasible except at very low mainbeen known and extensively reported that tenance levels below 5
based on an incattle grazing will influence and is directly crease of forage for livestock of only 50 pounds
proportional to prairie dog densities koford per acre a 44
4.4
44 increase uresk et al 1982
1958 knowles 1982 uresk et al 1982 cin
collins et al 1984 uresk 1985 1986
0
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ecological REVIEW OF BLACK
associated vertebrate

SPECIES

prairie dogs create a biological niche or
habitat for many species of wildlife king
1955 reading etal
agnewetal
et al 1986
et al 1989 agnew
wetal
Agne
found that bird species diversity and rodent
danee were higher on prairie dog towns
abundance
J un dance
than on mixed grass prairie sites the high
diversity of bird species was attributed to hetous plant cover and species composierogeneous
erogene
tion agnew et al 1986 cincotta et al 1987
in a survey of prairie dog towns extending
through portions of utah colorado and new
mexico clark et al 1982 recorded 107 vertebrate species and subspecies of wildlife
more species were associated with larger
prairie dog towns than with smaller towns
sixty four vertebrate wildlife species were
recorded by campbell and clark 1981 on
25 white tailed and 21 black tailed prairie dog
colonies in wyoming reading et al 1989
listed 163 vertebrate species sighted on black
tailed prairie dog colonies they suggest that
richness of associated vertebrate species on
black tailed prairie dog colonies increases
with colony size and regional colony density
data pertaining to vertebrate wildlife species
associated with black tailed prairie dog colonies
were obtained from an extensive literature review personal field notes J C sharps unpubli
lished observations while conducting endangered species surveys or observations incidental to other research on prairie dog colonies
in south dakota 600 vertebrate wildlife taxa
were found statewide there are 332 species
located west of the missouri river excluding
fish sharps and benzon 1984 of western
wildlife species 40 were found to be associated
with prairie dog colonies this 40 represents
134 vertebrate wildlife species table 1 associated with prairie dog colonies in western south
dakota 88 birds 36 mammals 6 reptiles and
mac4 amphibians agnew 1983 apa 1985 mae
cracken et al 1985 agnew et al 1986 uresk
et al 1986 deisch et al 1989 whitney et al
1978 reported that approximately 33 bird species or 39 of the birds found in south dakota
are conspicuous on the grasslands of those 33
11

species only 5 or approximately 15 were not
observed or reported on prairie dog colonies
PLANT SOIL ANIMAL

interactions

agnew et al 1986 and deisch et al 1989
found five classes of invertebrates on prairie

TAILED PRAIRIE DOGS
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dog colonies located on the badlands national
park and buffalo gap national grasslands
respectively the five classes consisted of
insecta 6 orders 26 families arachnida
4 orders 10 families chilopoda diplopoda
and crustacea agnew et al 1988 found that
insectivorous rodent species favor prairie
dog colonies these mammals by consuming
arthropods may reduce localized arthropod
outbreaks
prairie dog colonies
coloniesv
colonieSv provide habitat diversity in the prairie ecosystem by mixing soils
and regulating vegetative species diversity
koford 1958 bonham and lerwick 1976 agnew et al 1986 detling and whicker 1988
sieg 1988 this in turn creates interactions
and numerous niches thereby contributing to
the food chain for a host of invertebrate and
vertebrate wildlife species prairie dogs alter
soil structure and chemical composition by
their burrowing activities excrement and
addition of plant material which contribute
to vegetation diversity gold 1976 hansen
and gold 1977 omeilia et al 1982 cincotta
1985 agnew et al 1986 prairie dog activity
results in the aeration pulverization granulation and transfer ofconsiderable quantities of
soil buckman and brady 1971 sieg 1988
soils in prairie dog colonies are richer in nitrogen phosphorus and organic matter than soils
in adjacent grasslands sheets et al 1971
found prairie dog and cattle feces grass seeds
stolons
stalons
sto lons roots and remains of prairie dogs and
mice while excavating 18 prairie dog burrows
to retrieve black footed ferret seats in south
central south dakota soil enrichment activity of the prairie dog is beneficial to the macro
arthropods living in the soil forbs and
grasses in prairie dog colonies are constantly
clipped by prairie dogs and remain in a state
of regrowth omeilia et al 1982 cincotta
1985 ingham and detling 1984 reported
that prairie dog colonies support higher populations of nematodes than adjacent areas away
from the colonies they also stated that prairie
dog activities suppress plant phenological
phonological
development thus maintaining the plants in
a vegetative state young vegetation which is
higher in nutritional qualities than mature
plants attracts cattle bison andpronghorn
and
pronghorn to
prairie dog colonies uresk and bjugstad
1983 coppock et al 1983 knowles 1986
krueger 1986 detling and whicker 1988
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vertebrate wildlife species associated with black tailed prairie dog colonies in western south

1

dakota

Amby stoina
storna tigrinum
eastern tiger salamander ambystoma
tigri num tigrinum
ttgrinum
tigri num
ttgrinum
great plains toad
cog natus
cognates
bufo cognatus
pseudacris tnserata
western chorus frog
triserata
tn
trl
tri
serata

bullfrog

rana catesbeiana
cates beiana

turtles
lizards

emydidae uan
ukn spp
app
iguanidae uan
ukn spp
app
thamnophis radix
opheodrys vernalis
pttuophts melanoleucus
pituophis
melano leucus sayi
mrtdis vindis
crotalus viridis
ardea herodias
cygnus buccinator
branta canadensis
anas platyrhynchos
platyrhynchous
A strepera
A acuta
abuta

plains garter snake
smooth green snake
Bull
snake
bullsnake
prairie rattlesnake

great blue heron
swan
swan1
trumpeter swana
goose3
goosek
coose
canada goose
mallard1
mallardi
maliard
mailard
mallard
1

gadwall
pintail1
pintal
northern pintails
Pintailla
blue winged teap
teal a
teai
northern shoveler
canvasback1
canvasbacka
turkey vulture
red tailed hawk
swamson
swainson s hawk
rough legged hawke
hawk
ferruginous hawk b
golden eagle
eagie
ealie
bald eagle
northern harrierb
prairie falcon b
1

1

1

merlin
american kestrel
groused
grouse6b
sharp tailed grouse
pheasant0
pheasants0
ring necked pheasant
sora
killdeer
long billed curlew b
upland sandpiper b
long billed dowitcher
wilson s phalarope
ring billed gull
1

1

1

rock dove
mourning dove13
dove b
great
gi
eat horned owl
creat
snowy owl11
owl
burrowing owl
short eared owl
common nighthawk b
belted kingfisher
northern flicker
1

redheaded
red headed
ere
woodpeckere
woodpeckers
woodpecker
Woodpeck
downy woodpecker
eastern kingbird
b
western kingbird
kinpird
say s phoebe
ba
horned lark1cl
lark b1
violet green swallow
northern rough winged
1

swallow
swallowsb
swallow
barn swallow1
cliff swallow b
blue jay
1

1

A discord
discors
cly peata
A clypeate
clypeata

valist
vali
dail
valistneria
valisineria
aythya dall
sineria
nerta
neria
cathartes aura
buteo
buteojamaicensis
jamaicensis
B swainsom
som
swain
swainsoni
soni
swainson
biag
B blagopus
lagopus
opus
Blag

regalis
aquila chrysaetos
haliaeetus leucocephalus
cyaneus
circus cyaneous
falco mexic
anus
mexicanus
columb arius
F columbanus
arlus
F spar
sp
sparvenus
arvenus
sparverius
verlus
verius
tympanuchus phasianellus
phasianus colchicus
colchicum
porzana carolina
charadrius vociferous
vociferus
vociferus
numenius americanos
americanus
americanus
longi cauda
longicauda
Bart ramina longicaudal
bartramina
scolopaceous
liwinodromus scolopaceus
limnodromus
phalaropus
Phala ropus tricolor
larus delawarensis
livia
itma
lima
columba iima
zenaida macroura
mac roura
bubo virginianus
virgin ianus
scandi aca
nyctea scandiaca
athene cunicular
cunicularia
cuniculana
ia
cunic ulana
asto
asio flammeous
flammeus
asioflammeus
flammeus
chordeiles minor
ceryle alcyon
colaptes
auratus
colantes auranus
B

melanerpes erythrocephalus
picoides
oides pubescent
ficoides
pubes cens
pubescens
Pic
tyrannus tyrannus
T verticalism
verticalis
verti calis
sayorms
Say
san
sayornis
ornis saya
ophila alpe
alpestris
Erem
eremophila
eremophtla
alpestns
stris
thalas sina
thalassino
tachycineta thalassina
stelgidopteryx serri
sern
serripennis
pennis
seffl
seffi
sernpennis
hirundo rustica
H pyrrhon
pyrrhonota
ota
cyanocitta cri
stata
cnstata
crl
cristana
cristata

pica pica
corvus corat
C brachyrhnchos

1

black billed Magpie
common raven
crowb
crow1
crowd
american grow
northern mockingbird 0

polyglottous
polyglottos
tos
mimus polyglot
Dumetella carolinensis
migratorius
ws
migratories
turdus migratorws
migrator
lus
ius
sialia sialis
siahs
S currucoides
anthus spinoletta
spinoletta
lamus excubitor
lanius
L ludovic
ludovicianus
ianus
sturnus vulgaris
techia
dendroica petechia
pe
letechia
drichas
trichas
geothlypis tnchas
icteric birens
icteria
ictena
virens
passer domesticus
domes ticus
dolichonyx
Dolich onyx oryzivorus
oryzivorous
neglects
neglecta
sturnella neglecta

gray catbird
american robin b
eastern bluebird0
bluebirds
bluebird0
mountain bluebird b
water pipit
northern shrike d
loggerhead shrike
european starling
stariing b
yellow warblerb
yellowthroatb
common yellowthroat1
yellow breasted chati
chat b
b
arrow
house SSparrow
bobolink1
bobolinks
bobolink
western meadowlark b
1

1

1

1

1

1

1

1

yellow headed blackbird xanthocephalus
xanthocephalus
agelaius phoeniceus
phoeni ceus
red winged blackbird
Eup hagus cyanocephalus
brewer s blackbird
euphagus
eupharus
b
common grackle
Crackle
quiscalus
Quis calus quiscula
quis cula
brown headed cowbird molothrus ater
western tanager
ludo viciana
piranga ludoviciana
Dickcissel
oano
spiza amen
cano
cana
amencana
americana
olad
olld
common reap
Redpoll
redp
carduelis
flammea
flammee
carduelisflammea
pine siskin
C pinus
C tnstis
american goldfinch b
tristis
testis
rufous sided towhee
pipilo erythrophthalmus
lark bunting
Calamo spiza melanocorys
melano corys
calamospiza
b
grasshopper sparrow
Ammo
ammodramus
ainmodramus
dramus savannarum
savannarum
pooecetes gra
vesper sparrow
graminous
gramineus
mineus
b
chondestes gram
lark sparrow
gramrnacus
grammacus
macus
d
slate colored junco
hyeinalis
hyemalis
juneo
mails
malls
malis
junco hye
oregon juncos
junco0
junco
juneo
ore ganus
J oreganus
chipping sparrow
spizella passerina
sparrowe 0 zonotrichia leucophrys
white crowned sparrow
leuc ophrys
mccown s longspur 0
Calca
Cal
calcarius
calcanas
calcanus
nii
nil
cai
nus mccownn
carlus
carius
mccow
chestnut collared
longspur 1
C ornatus
1

1

1

1

1

1

1

1

shrews
bats

eastern cottontail
desert cottontail
jack rabbit
white tailed jackrabbit
black tailed jackrabbit
jack rabbit
thirteen lined
ground squirrel
black tailed prairie dog
northern pocket gopher
plains pocket gopher
olive backed
pocket mouse
hispid pocket mouse
ord s kangaroo rat
plains harvest mouse
western harvest mouse
deer mouse
northern grasshopper
mouse

sone
Sonc idae an spp
soricidae
app
vespertilionidae uan
ukn spp
app
S
ylvilagus flon
danus
sylvilagusfloridanus
flondanus
S sauduboni
audubom
audubon
townsendia
townsendn
townsendii
townsen dn
ii
lepus townsend
L califor
nicus
califormcus
californicus
spermophilus
tridecemlineatus
tndecemlineatus
cynomys ludovicianus
ludovicianus
thomomys talpoides
talp oides
geomys
chomys bursanus
bursarius
burs
anus
bursarius
perognathus fasciatus
perognathusfasciatus
fasci atus
P hi spidus
dipodomys ordil
reithrodontomys montanus
megalotis
R menalotis
peromyscus maniculatus
mamculatus

onychomys
leucogaster
Ony chomys leuco
gaster
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TABLE 1I

continued

prairie vole
norway rat
house mouse
porcupine
racoon
long tailed weasel
black footed ferret
mink
badger
spotted skunk
striped skunk
coyote

red fox
northern swift fox
bobcat
mule deer
white tailed deer
pronghorn
bison

och rogaster
microtus ochrogaster
rattus norvegicus
mus musculus
erethizon dorsatum
dorsa tum
botor
procyon lotor
mustela
mustelafrenata
fredata
frenata
M nigripes
M vison
taxidea taxus
spilogale putorius
mephitis mephitis
latrans
canis latrano
vulpes vulpes
hebes
vulpes velox bebes
lynx rufus
odocoileus hemionus
virginianus
0 virginianus
antilocapra americana
bison bison

birds associated with wet years
bB
bbreeding
breeding
reeding birds

transient birds
dwintering
wintering birds
birds in riparian habitat adjacent to prairie dog colonies

importance OF PRAIRIE DOG COLONIES
TO associated WILDLIFE
prairie dog colonies attract many insectivorous and carnivorous birds and mammals because of the concentration of numerous prey
species clark et al 1982 agnew et al 1986
agnew et al 1988 hillman 1968 reported
reported
that prairie dogs are the principal food source
of black footed ferrets ferret decline has
been attributed to prairie dog control practices and agricultural land use changes hillman and clark 1980 swift fox were found
to have their dens on or within 08
0.8 km of
08
prairie dog colonies hillman and sharps
1978 the major portion ofthe
odthe
of the swift fox diet is
and insects 27
uresk
prairie dogs 49
and sharps 1986 raptores
raptors are particularly attracted to south dakota prairie dog colonies
juvenile snowy owls and bald eagles have
been observed utilizing prairie dog colonies
during the winter months golden eagles
can be found near prairie dog colonies all
year ferruginous hawks red tailed hawks
kestrels prairie falcons harriers
Harri ers rough
barriers
legged hawks short eared owls and burrowing owls use prairie dog colonies in the
spring summer and fall months great
horned owls have been observed hunting
jaek
ackrabbits
for cottontails
ackrabbits on prairie dog
cotton tails and jack
j jackrabbits
colonies at night the principal mammalian

343

predator species observed on prairie dog
colonies
colon
es are coyote badger and bobcat
hillman and sharps 1978
scientific evidence strongly suggests that
prairie dogs are valuable components of the
prairie ecosystem their burrowing activities
and feeding habits are directly responsible for
creating habitat diversity and thus providing a
niche for 134 vertebrate wildlife species and
over 36 families of invertebrate fauna agnew
1983 deisch et al 1989 clark 1968 stated
prairie dogs have been in the grassland community for
at least 1000000 years probably occurring in great
numbers it would seem that if
ifprairie
prairie dogs were detrimental they would have long ago destroyed the comwhich they are a part
munity of ofwhich
SUMMARY

prairie dogs were once significantly more
numerous on public lands in south dakota
than they are today massive control programs have been initiated with little or no
thought to the biological importance and ecological role of the prairie dog in the prairie
ecosystem studies of prairie dog biology and
ecology have shown that prairie dogs are not
as detrimental as once believed to the livestock grazing industry studies have also
shown that prairie dogs are extremely important to the ecosystem because they provide
habitat and vegetation diversity in the prairie
biome field observations and studies found
134 species and subspecies of ofvertebrate
vertebrate wildlife associated with prairie dog colonies in
western south dakota
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EFFECTS OF PRAIRIE DOG rodenticides
ON DEER MICE IN WESTERN SOUTH DAKOTA
deischl daniel W uresk and raymond L linder
michele S deisch1
deiseh
deisch
mortality ofnontarget small mammals was determined after application ofthree
of three black tailed prairie dog
cynomys ludovicianus
ludovicianus rodenticide treatments prebaited
zine phosphide prebaited
pre baited zinc
pre baited strychnine and strychnine
long term september 1983 through august 1984
alone in western south dakota immediate september 1983 and longterm
mamculatus relative densities were evaluated and the three rodenticide
impacts on deer mouse peromyscus maniculatus
10 immediate impacts on deer
treatments were compared for efficacy the three treatments had no significant a
ot
mouse relative densities although zinc phosphide did lower them that impact was not however long term
long term impacts of the two strychnine treatments were variable with an increase in deer mouse densities with the
longterm
strychnine only treatment overall comparisons among the three treatments indicated that zinc phosphide was more
effective than either strychnine treatment in reducing deer mouse densities
ABSTRACT

considerable time and money have been
spent on control of prairie dogs to reduce the
agricultural damage they cause collins et al
1984 however efforts to evaluate the impact of prairie dog control methods on the
total biotic communities of prairie dog towns
have been limited for example immediate
and long
term rodenticidal effects on non
longterm
target wildlife such as deer mice peromyscus
maniculatus have not been fully evaluated
appliers when selecting toxic baits often
overlook information on the margin of safety
to non
nontarget
target wildlife
small mammals are important components
of prairie dog towns their fossorial activities
mix and enrich soils their food habits may
affect vegetation seed and invertebrate distribution
trib
ution and abundance and they provide a
food base for predators when small mammals
ingest rodenticides used to control prairie
dogs incidental loss may change the ecological balance on prairie dog towns
rodenticides in addition to causing direct
mortality to nontarget
non target wildlife may impact
them indirectly by removing or reducing
prairie dog populations prairie dogs create
niches for small mammals in rangeland ecoailen 1967 omeilie
allen
systems koford 1958 alien
OM eilie
emeilie
et al 1982 maccracken et al 1985 agnew
et al 1986 for example prairie dogs act as
ecosystem regulators by maintaining habitat

suitable for some small mammals such as
deer mice that are associated with sparse
heterogeneous vegetative cover prairie dog
burrows provide security cover and nesting
habitat for small mammals when prairie
dog activity ceases burrows are no longer
maintained soil erodes into the holes and
vegetation recaptures the mounds klatt

potter 1980
rodenticides used for prairie dog control
include zinc phosphide and strychnine zinc
phosphide is an acute rodenticide that appears to have limited environmental impact
hilton et al 1972 its increased use in recent
years schenbeck 1982 has resulted in improved formulations and application rates
tietjen 1976 secondary poisoning from zinc
phosphide poses minimal threat to predators
and scavengers that feed on poisoned rodent
carcasses bell and dimmick 1975 schitoskey
1975 hegdal et al 1981
nontarget
Non target wildlife that consume strychnine bait or strychnine poisoned carcasses are
at risk rudd and genelly 1956 schitoskey
1975 hegdal and gatz 1977 deisch et al
1989 apa 1985 in a companion study
found that strychnine used for prairie dog
control reduced horned lark eromophila
Eromophila
alp
estrus densities
alpestrus
little information is available on repopulation of small mammals following rodenticide
1971

institute for wildlife studies box 2500 avalon california 90704
SDA forest service rocky mountain forest and range experiment station rapid city south dakota 57701
2usda
retired cooperative fish and wildlife research unit south dakota state university brookings south dakota 57006
3

1
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M S DEISCH ET
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treatment wood 1965 such information is
needed to formulate guidelines for federal
state and private landowners for minimizing
nontarget
target wildlife losses caused by prairie dog
non
rodenticides A program to control black
tailed prairie dogs cynomys ludovicianus
ludovic ianus in
western south dakota provided us the opportunity to assess and compare immediate
direct and long
longterm
term indirect impacts on
deer mouse densities of three prairie dog control treatments prebaited
pre baited zinc phosphide
prebaited strychnine and strychnine alone
STUDY AREA

this study

was conducted on the buffalo
gap national grasslands and in the badlands
national park of western south dakota at elevations of 820 900 in geological formations
consisted of sharp pinnacles towers steep
gorges and faults vegetated tabletop buttes
and gently rolling mixed grasslands scattered
throughout the area supported prairie dog
towns
the national grasslands located in conata
bonata
basin is grazed by cattle from mid may to late
herb ivores include
october each year native herbivores
black tailed lepus californicus
califor nicus and white
tailed jack
rabbit L townsend
townsendiaii eastern cottonjaek
townsendii
jackrabbitl
jackrabbit
tail Sylvi
sylvilagus
lagus flori
danus pronghorn antilofloridanus
mule deer odocoileus
capra americana
hemionus and various small mammals the
badlands national park excludes cattle but
american bison bison bison are present
wheatgrass
grass
dominant grasses are western wheat
agropyron smithii
smithia
smithii blue grama bouteloua
buffa lograss buchloe dactyl
gracilis buffalograss
dactyloides
oides
and needleleaf
needle leaf sedge carex eleocharis praihogweed Dy
dyssodia
rie dogweed
dysodia
sodia papposa
pap posa patagonia
pappose
indianwheat
Indianwheat plantago patagonica
patag onica buckhorn plantago spinulosa scarlet globemal
low sphaeralcea coccinea
coc cinea and prostrate
big bract verbena verbena bracteata
bigbract
brac teata are
bracteate
dominant forbs
climate is semiarid continental with extremely cold winters and hot fluctuating
summer temperatures average annual pre39.7 cm most of which falls as
cipitation is 397
397
high intensity thundershowers
thunder showers from april

through september

METHODS AND MATERIALS

small mammals were sampled from may
through october 1983 pretreatment and
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may through august 1984 posttreatment
post treatment
loom m loha
eighteen permanent 100 X 100
10 ha
sampling sites were established on 15 prairie
dog towns rodenticide treatments were clustered into three separate groups to prevent
cross contamination with respect to wide
eross
non target species 6 sites per rodentiranging nontarget
cide treatment 13 and 16 km apart each
rodenticide treatment had 3 control and
3 treated sites only zinc phosphide treatments were applied to the park sites because
strychnine use is forbidden prebaited
Prebaited strychnine and strychnine alone were applied to the
grasslands sites
relative densities of small mammals
mammal strap session were deterunique mammalstrap
mined for each of the 18 sites A trapping grid
included 64 sherman live traps 10 in apart and
10 m buffer border trapping began in may
a lom
of each year and continued at four week intervals each trap session consisted of one night
of prebaiting
pre baiting followed by four consecutive
nights of trapping 256 trap nightssession
nights session
traps were baited with a peanut butter rolled
oats mixture captured rodents were identified to species assigned a unique number by
toe amputation taber and cowan 1969 then
released density was measured as the number of unique captures

rodenticides and bait application
steam rolled oats used for prebait and poisoned baits were formulated at the U
USS fish
and wildlife service pocatello supply depot
zinc phosphide was applied to steam rolled
oats at a concentration of 220
220
.00 by weight
active ingredients Alc
olec S used as an adalcolec
alcoler
hesive was made by american lecithin co
inc strychnine alkaloid was applied to oats
os
00.5
at 05
055 by weight nontreated steam rolled
oats 4 g were applied as prebait for zinc
phosphide and for one strychnine treatment
during 20 21 september 1983 prebaited
Pre baited
areas were visited prior to baiting to assure
that most of the prebait had been consumed
active rodenticides on oats 4 g were applied
three days after prebaiting
pre baiting 22 24 september
1983 in accordance with federal instructions
both prebait and rodenticides were applied
from bait dispensers affixed to honda 3 wheel
ATV s schenbeck 1982
statistical aspects
small mammals including nontarget
non target deer
mice were sampled on each of 18 sites one
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pretreatment and posttreatment
mammal strap night ofdeer
of deer mice peromyscus
post treatment relative densities unique mammalstrap
post treatment minus
mamculatus on zinc phosphide treated and control sites adjusted means were estimated as posttreatment
maniculatus
pretreatment
TABLE 1

treatment

relative
itive density Yr t SE
reketive
reh
posttreatment
pretreatment
adjusted
Post treatment
1984

1983

means

treatment
effect

significance
level control
tedy
treated
versus treatedy
trea

IMMEDIATE IMPACTS

september

treated
control

26
19

1 3
13
27

07
009
9

70
1 7
17

80 t 15
lio 0
llo
11
11.0
110
30

87

03
33

07

107

03
26

83

83
43

26
12

53
5 3 L 26
2 6
5.3
2.6

53

26

1 2
12
38

07

11
2 1
2.1

21
ii

0878

07
70

24
42

63

1

166

0253

23
17

53
87

19
15

33

16

0223

03

40
03

26
1 9
19

43

10

0254

posttreatment
POST TREATMENT IMPACTS
impat
IMPAI TS
may
bated
treated
ti eated
control
june
treated
control

80
88.00

7700
2 1
21
3 7 t 19
37

123

76

13

t

july

treated
control

30
3 0
3.0
30

20

1.22
12
110
lo
io
1.00
12
1

107

august

treated
control

83
43

26
19

43
47

19

arher significant F protection at a
adjusted means arter
arrel
after
10
randomization test used to detect differences between pairs of ofadjusted
bbr september
bri
foi
of contrasts was not determined for
btreatment
treatment effects were not significant P 295 therefore statistical significance ofcontrasts

week prior to rodenticide application in september 1983 pretreatment the fourth day
posttreat
after rodenticides were applied posttreaty
ment counts were taken on all sites to assess
long term
immediate impacts we evaluated longterm
september 1983 through august 1984 impacts by comparing small mammal data collected during september 1983 with all 1984
trap sessions rodenticides were not applied
in 1984
each rodenticide was evaluated for impacts
non target small mammals by comparing
on nontarget
the change of mean relative density on each
cluster of treated sites with the change observed on respective control sites uresk
et al 1988 tables 1 3 five comparisons
through time included one for immediate impacts september 1983 measured between
post treatment 1983 poipretreatment and posttreatment
soning and four comparisons that measured
differences between pretreatment 1983
and posttreatment
post treatment 1984 densities when a
significant correlation existed between prepost treatment observations
treatment and posttreatment
analysis of covariance was used to estimate
treatment effect deisch 1986 uresk et al
1988 subtraction green 1979 was used if
the correlation was nonsignificant

redenti
comparisons between and among rodenti
eides for impact were produced by forming
eldes
pairwise contrasts between individual rodenticide treatment effects randomization procedures were used to estimate statistical significance
nific
ance of the various contrasts edgington
1980 romesburg 1981 uresk et al 1986
uresk et al 1988 rejection of any rodenticide impact type 11
non target small
II error to nontarget
mammals was considered more serious than
potential incorrect acceptance of a significant
treatment effect type 1I error tacha et al
10
.10 treatment
io10
1982 after significant P
effects were detected type 11
II error protection
was produced by testing each contrast individually type I1 error protection was afforded
by testing for treatment effects with analysis
of variance or covariance carmer and swanson 1973

individual contrasts were considered bio20
.20
20 although an
logically significant at P
alpha of 20 is not a standard level of significance it is becoming more accepted for ecological field studies hayne 1976 and is used
here to protect against missing effects on non
target species the number of sites availso
.80
80
able in this study produced a power of 80
this was an acceptable combination of type I1

M
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pretreatment and posttreatment
mammal strap night ofdeer
of deer mice
post treatment relative densities unique mammalstrap
mlee peromyscus
maniculatus on strychnine only treated and control sites adjusted means were estimated as posttreatment
post treatment minus
pretreatment
TABLE 2

relativee density af5xf SE
pretre adment
pretreatment
posttreatment
F ost
adjust ed
adjusted
atment Post
osttreatment
treatment

treatment

83
ia1i1983

1984

treatment
effect

means is
mean

significance
level control
treated
teda
versus trea

IMMEDIATE IMPACTS

september

07
90

treated
control

07
32

1.7
177

1.0
100

177

21

17
1

1

10
1
io

21
2 1
2.1

60

40

30

20

17
1

1.7
177

17
1

1.77
17

40
4 0
4.0
40

L

813
228b

posttreatment
POST TREATMENT IMPACTS
may

treated
control
june
treated
control

57 t 3300

117

18

30

15

40
87

27

03
23

03
ig
19
1 9
1.9
19

23

130

15
1 2
12

37
43

27
23

03
1 0
10

07
90

07
32

00

L

22.11
21
21

47

44.7
477

2 1
21

0 314
0314

107

15
23

8 3
83

1

8

0 043
0043

03
1 0
io
lo
1.0
10

33
33

28
17
1 7
1.7
17

0 1
01

1 6
16

0 999
0.999
0999

00

07
77
7 7
7.7
77

07
20

70
7 0
7.0

70

1 1
1.1
li
ii
11

0 034
0.034
0034

33

july

treated
control
august

treated
control

1 3
13

1 3
13

t

nerene
10
adjusted means after significant F protection
protec
din
ferene es between pairs
ferenc
randomization test used to detect differences
dif
dlf
pair s of ofadjusted
krotec tion at a
treatment effects were not significant P 295 therefore statistical significance ofcontrasts
of contrasts was not d determined
itermmed for september
Seo tember
sed

11 error protection carmer 1976 and
and II
allowed for reasonable biological inferences to
be drawn from the data

RESULTS

effects of rodenticides
eleven small mammal species captured
on 18 sites included deer mouse peromyscus
maniculatus northern grasshopper mouse
chomys leuco
leucogaster
gaster
onychomys
Ony
ord s kangaroo
ordii thirteen lined ground
rat dipodomys ordia
squirrel spermophilus tridecemlineatus
western harvest mouse reithrodontomys
alotis hispid pocket mouse perognamegalotis
meg
menalotis
thus hispidus plains pocket gopher geomys
bursarius
bur
sarius prairie vole microtus ochro
gaster house mouse mus musculus olive
backed pocket mouse perognathus fascia
tus and norway rat rattus norvegicus
deer mouse was the only species captured in
sufficient numbers to statistically evaluate for
rodenticide effects
there were no immediate impacts of any of
the three rodenticide treatments P 295 on
deer mouse relative densities in september
1983 tables 1 3 however relative densi1.2
5.8 to 12
12
58
ties of deer mice changed 79 from 58

unique animals immediately after application
of zinc phosphide uresk et al 1988 longterm impacts of the three rodenticides were
detected
on zinc phosphide sites deer mouse densities were not significantly different between
control and treated sites but densities on
treated sites were consistently lower compared with control sites table 1 on strychof deer mice were
nine sites relative densities ofdeer
significantly higher on treated sites in june
043
.043
034
.034
043 and august P
034 table 2
P
sites with prebaited strychnine showed higher
densities on treated sites in august 1984 P
063
.063
063

table 3

comparisons of three rodenticides
for impacts
comparisons of the impacts of the three
rodenticides immediately after application
10 for deer
lo.10
io
showed no differences P
mouse densities in september 1983 zinc
phosphide lowered densities of deer mice
more than did strychnine alone in june 1984
.018
030
.030
018 in may and
P
030 and august P
july no differences in reduction rates were
measured there were no differences among
treatment effects of zinc phosphide compared
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pretreatment and posttreatment
mammal strap night of deer mice peromyscus
post treatment relative densities unique mammalstrap
mamculatus on prebaited
maniculatus
post treatment
pre baited strychnine treated and control sites adjusted means were estimated as posttreatment
minus pretreatment
TABLE 3

dennit yxY t SE
densit
relative
reia tive density
rela
posttreaty
posttreat
pretre adment
pretreatment
Post treat
adjilisted
adjusted
ment
atment posttreatment
treatment

treatment

1 383
1983

mesans
means
lans

1984 t
198

treatment
effect

significance
level control
treated88
versus treated

IMMEDIATE IMPACTS

september

treated

09
27

93

control

163

40

L

130

199
37

20
2 0
2.0
20

27b
2

15

117
127

23
47

1 0
io
lo
1.0

10

21
2 1
2.1

21

0 864
0.864
0864

03
22

203
187

45
43

17 t 16

0795

103

30
59

23
2233 t
2.3

1

6

0 726
0.726
0726

03
30

7 3
73

11.11

li
ii
11

0 063
0063

12
55

53
33

009
9

L 1

t

posttreatment
POST TREATMENT IMPACTS
may

treated
control
june

treated
control
july

treated
control
august

treated

L

330
0

53
77

207
213

t 43
t 22

03
27

L

103
llo 0
lio
iio
ilo
11
11.0
110

30
38

00 00
i 1
21
30 t b22.1

009
9

07
03

L

93

control

31

170
203

163

L

27

81

L

07
03

80
87
160

L

10
randomization test used to detect differences between pairs of adjusted means after significant F protection at a
foi e statistical significance ofcontrasts
of
ofconti
295 therefore
btreatment
asts
contrasts
abts was not determined for september
there bbr
P
reat
reatment
ment effects were not significant F
Ttreatment

with prebaited
pre baited strychnine on deer mice
from may through july impact of zinc phos.027
027
027 was greater than
phide in august P
that of prebaited
pre baited strychnine comparison of
treatment effects between the two strychnine rodenticides indicated that strychnine
alone was more effective than prebaited
pre baited
strychnine for lowering densities of deer mice
in june P

.174
174
174

discussion

of the three

rodenticide applications used
for prairie dog control only zinc phosphide
consistently lowered deer mouse densities
on these sites zinc phosphide was also most
effective in reducing prairie dog burrow activity apa 1985 deer mice consume seeds
baker 1968 flake 1973 sieg et al 1986
and are susceptible to granular rodenticides
after initial rodenticide treatments longterm changes in deer mouse populations are
associated with habitat changes such as increased density of vegetation uresk 1985
because of lack of clipping by prairie dogs
deer mice are adapted to live in more open
habitat baker 1968 jones et al 1983 maccracken et al 1985 agnew et al 1986 and

their numbers decrease with increased vegetation height and canopy cover prairie dog
burrows were initially devoid of vegetation
before rodenticide application increased
plant canopy cover and aboveground biomass
occurred with absence of prairie dogs klatt
1971 potter 1980 and contributed to a decrease in deer mouse densities
deer mouse densities were variable over
longterm
term period with the two strychnine
the long
pre baiting was
treatments especially when prebaiting
applied deer mouse populations generally
increased after treatment with the strychnine
only this increase can be attributed to limited control of the black tailed prairie dogs
uresk et al 1986 which provided and maintained suitable habitat for deer mice agnew
al 1986 changes in densities of deer mice
et
etal
may also be attributed to seasonal movements
of these animals from other areas terman
1968 and possible lower predation an influx
of ofrodents
rodents usually occurred in the spring when
yearling deer mice established home ranges
maccracken et al 1985 and lower densities
in august were due to dispersal of young of
the year falls 1968 metzgar 1980
crabtree 1962 and marsh et al 1970
found that zinc phosphide produced a
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response stimulating odor that proved attractive to small mammals but strychnine did not
have an attractive effect on rodents based on
these findings discontinuation of zinc phosphide for prairie dog control is not recommended or required but land management
plans should include considerations for possible nontarget
non target deer mouse losses we found
that use of strychnine alone or prebaited
pre baited
long term
strychnine generally showed a longterm
of these
increase in deer mouse densities use ofthese
two strychnine treatments for prairie dog
control appears to impose the least threat
to nontarget
non target deer mice
while this study addressed direct effects
of rodenticides zinc phosphide prebaited
pre baited
strychnine and strychnine alone on deer
non target
mouse densities impacts on other nontarget
small mammals could not be evaluated because of the small populations observed we
granivores
suspect that gran
ivores such as perognathus
app
spp and dipodomys app
spp found on prairie
dog towns in western south dakota may also
be affected by rodenticides further investigations are needed to assess nontarget
non target losses
of small mammals other than deer mice
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ON THE

typification OF OXYTROPIS BOREALIS DC
welsh1
stanley L welshy
welsh

ABSTRACT

the status of the name oxytropis borealis DC

is reviewed as it applies to

north american plants

A

infraspecific
mfraspecific
intraspecific
specific taxa is presented and several nomenclatural combinations are proposed oxytropis
summary of the infra
borealis DC var hudso
hudsonica
sulphured pors welsh 0 borealis DC var viscida
vilcida
nica greene welsh 0 borealis var sulphurea
nutt welsh one new taxon oxytropis borealis DC var australis
au strahs welsh is described from utah and nevada USA

preparation of a revisionary summary of
the genus oxytropis DC for the flora north
america project necessitates that nomenclatural changes and new taxa be presented prior
to publication in that project the principal
reason for this paper involves the nomenclature of
ofo
0 borealis a name that has figured in
various taxonomic treatments of the genus in
north america and elsewhere for more than a
century barneby 1952 bunge 1874 gray
1884 jurtsev
jurtsen 1986 torrey and gray 1838
vasil chenko fedchenko and shishkin 1948
the american phases of oxytropis section
gloeocephala
cloeocephala have passed under a series of
vilcida nutt
names centering on oxytropis viscida
ex torr & gray 1838 since the section
gloeocephala
cloeocephala has circumboreal or at least
amphiberingian representation american
workers were almost certain that there was an
older name in the old world literature
indeed barneby 1952 in his revision of
the north american species of oxytropis
cited two specific epithets older than that of
vilcida
vi
0 viscida
scida and boivin 1967 in his attempt
at summarizing the canadian portion of the
intraspecific
infra specific taxa to
section transferred the infraspecific
leucantha
cantha pallas pers an examination of
0 leu
the type of that species demonstrated that it
lacked glands typical of members of the seccloeocephala it was indeed a portion
tion gloeocephala
of the 0 campe
sensu lato
campestris
stris L DC gensu
welsh 1972 the transfers to that entity
thus are incorrect and are merely nomenclatural baggage that accompanies the genus in
perpetuity
welsh 1967 1974 and welsh et al 1987
essentially followed the lead of barneby

1952 who chose a wait and see attitude with
regard to the earliest name for the north

american complex examination of the types
was necessary prior to a final determination of
the question of an earlier name for the north
american materials
bunge 1874 treated two main sections
of glandular oxytropes
oxy
tropes gloeocephala and
oxytropis
polyadenia the main diagnostic feature
used in segregation of members of these sections is the arrangement of the leaflets
gloeocephala having opposite subopposite
or scattered leaflets and polyadenia having
pseudofaciculate leaflets since north american viscid oxytropes
oxy
tropes have both leaflet arrangeoxytropis
ments but mainly opposite subopposite
or scattered it is necessary to review the
names of old world representatives of
both gloeocephala and polyadenia the
names 0 muricata
muricate
muricata pallas DC phaca muri
cata pallas reise 3 318 1776 and 0 mi
crophylla
phylla pallas DC phaca micro
cro
microphylla
phylla
pallas reise 3 744 1776 were both published prior to the next available name in
gloeocephala ie 0 borealis DC authentic probable type specimens of these and
others of the polyadenia were obtained on
loan from the herbarium of the komarov
botanical institute herbarium LE neither
microphylla
phylla seems to be
muricate
muri cata nor 0 micro
0 muricata
within the concept of the glandular phases of
0 borealis with pseudofaciculate leaflets as
they occur in north america
thus the earliest name available in section
gloeocephala in north america is 0 borealis
DC which is based on a specimen fig 1
deposited in the prodromus herbarium at

ife science museum and department ofbotany
of botany and range science brigham young university provo utah 84602
life
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holotypeofoxiropts&oreafos
holotype
of oxytropis borealis DC

7aj

ak 5k baj
JI

V

f

G DC
the specimen is at GDC
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geneva the specimen is in poor but not
terrible condition essentially what is expected for many historical types the specimen appears never to have been in good conflowers are
howers
dition after its collection the hewers
crumpled as though they had been wet following collection or even following mounting
ity was left unanglandular
the question of glandularity
candollea
swered in the description by de candolle
Can dolle in
prodromus see below the need to examine
portions of the material was critical as to its
nomenclatural importance in north american
taxonomy
detailed photos and fragments of the specimen were sent for examination through the
generosity of dr A charpin conservateur
ur at
conservate
geneve GDC
G DC
of particular importance
among the fragments loaned is a black hairy
bud with calyx teeth still connivent the teeth
are clearly glandular verrucose other fragments include a portion of a flower and part of
a floral bract the bract a very long structure
not unlike those of many alaskan specimens
is definitely dorsally glandular also the plant
size and nature of other features though shattered are well within the morphological limits of the group as it occurs in north america
clearly this material belongs to that portion
of the gloeocephala
cloeocephala complex treated by
viscida var subsuccu
barneby in 1952 as 0 vilcida
lenta having priority the name 0 borealis
viscida for north american
ciscida
must replace 0 vilcida
odthe
of the complex the author hopes the
portions ofthe
transfers proposed below are not additional
nomenclatural baggage
prodr 2 275 1825
oxytropis borealis DC proda
suba caulis pilis scaporum
scap orum stipularumque
0 borealis subacaulis
patulis petiolorum
ketosis patulis
petio lorum pauels fo liolis elliptico
setosis
batulis
moin
sustus glabris
glabus superine
glabns
lanceolatis
superne pilosis scapi
tis subtus
lanceola
scali moln
longitudine flor
longitudme
calycis nigro
florinus
floribus
flonbus
ibus capitatis
brac teis calyces
capitatim
capi tatis bracteis
longitudine in terra tschuktschorum ad
hispidissimi longitudme
v s
binum sancti
sinum
sanati laurentii
laurentia stipulae pallidae
laurentn
rallidae
comm a cl fisch I c
11

in
in

terra tschuktscho
binum sanati
til collector not
tii
rum ad sinum
sancti laurentia
laurentii
Lauren
stated
TYPE
e sinu
ainu S laurentia
tii in terra
laurentii
Lauren
tschuktschorum pays des tchouktchi sep
fretu beringii
tentrionem versus a cretu
Beringii legumina
diversa a leg ox montana m jessien
Mes
sien
messien
DCA
G
DC the specimen cited
fischer 1825 GDCA
GDC
above is the only one bearing the name 0
borealis in the prodromus herbarium and it is
regarded as the holotype fig 1
TYPE LOCALITY

the species
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north america
grading variconsists of a series of mainly intergrading
intertrading
inter
as it occurs in

eties as indicated below they differ in compactness
pact
ness of inflorescence size of flowers
length of floral braats
bracts and other features that
tend to grade individually and collectively
into each other As intergradation occurs the
taxa within the boreale complex match those
of intraspecific
infraspecific
infra specific taxa in other specific complexes in this genus
presented below is a summary of the in
fra
fraspecific
taxa as they occur in north amerspecific
ica the writer has examined herbarium materials from all regions of distribution in the
continent additionally he has examined the
species in the field from the arctic regions of
alaska yukon and northwest territories
south to its southern limits in utah and nevada variation is huge in the species as a
whole and in the infraspecific
infraspecific taxa the group
intraspecific
has received several interpretations in the
past and will undoubtedly be interpreted difly in the future
ferently
ferent

oxytropis borealis DC var borealis
and alaska chukotsk
N W
distribution NWT
oxytropis uralensis p3 subsucculenta hook fl bor
amer

viscida var subsuc
oxytropis vilcida
culenta hook barneby proc calif acad IV
sulenta
27 246 1952 type arctic seashore to the east of
the mackenzie river dr richardson ssnn holo
type
typekK
oxytropis borealis P3 hook & arnott bot beechey bot
1

146 1831

122 1832

oxytropis campe
campestns
verrucose ledebour
Le
stris var verrucosa
ledeboer
campestris
fl ross
debour
1 591 1842 type
in terra tschuktschorum ad
binum sanati
sancti laurentn
sinum
laurentia the collector not stated
laurentii

the relatively

few leaflets ample flowers
and condensed copiously hirsute inflorescence in combination allow this entity to be
rather readily identified it consists at least in
part of what has passed under the name of
glu tinosa pors who excluded the type of
glutinose
0 glutinosa
subsucculenta from consideration in treatodthe
ment ofthe
of the genus in vascular plants of
ofconti
conti-

nental northwest territories canada por
sild and cody 1980 included within the
concept of var borealis is the 0 uralensis P3
subsucculenta hook the basis of
vilcida
ofo0 viscida
var subsucculenta hook barneby
hudso nica
oxytropis borealis var hudsonica
greene welsh comb nov

abiol soc wash
hudsomcus
hudsonicus
aragallus hudso
nicus greene proc biol
18 17 1905 oxytropis vilcida
viscida var hudsonica
hudso nica
greene barneby proc calif acad IV 27 245
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hudsomca
viscida ssp
hudso mca
vilcida
asp hudsonica
nica greene love &
leu cantha var hud
love taxon 31 347 1982 0 leucantha
somca
Natur aliste canad 94 76
bonica
sonica greene boivin naturaliste
simca
1967 type whale river hudson bay A P low
14272 24 june 1896 holotype NDG
oxytropis leu
leucantha
cantha var hudsonica
galactantha
hudso nica f galac
tantha
boivin naturaliste
Natur aliste canad 94 76 1967 type
canada franklin district melville peninsula
repulse bay along fauja
nauja river 27 july 1950 P
F bruggeman 52 holotype DAO
oxytropis leu
leucantha
cantha var leuchippiana boivin natural
aste
iste canad 94 76 1967 type yukon whitehorse airport area steep slope flowers varying in
color from yellow to purple abundant gillette &
calder 3181 lectotype here selected DAOL
DAO
1952

0

this is the phase of the species that occurs
in north america mainly east of the yukon
but with some representation in
province where it is transitional with
vilcida and var sulphurea
sulphured the
var viscida
diagnostic feature involves the short
teeth

that
both
main
calyx

sulphured
oxytropis borealis var sulphurea
pors welsh comb nov
viscidula
asp sulphurea pors bull nat mus canad
visci dula ssp
121 247 1951 type yukon rose lapie pass
shaly cliffs by waterfall E of
oflapie
lapie lake mile 105
ganol road pors & breitung 10198 19 july
1944 holotype CAN iso
S
types ISC SL
isotypes
isotopes
oxytropis sheldonensis pors bull nat mus canad
121 246 1951 type mount sheldon on rocky
granite ledges at or near the summit opposite
mile 122 canol
banol road pors & breitung 11750 11
august 1944 holotype CAN isotypes
USL
US
isotopes
isotypes ISC ush
oxytropis verruculosa
verruculose pors bull nat mus canad 121
246 1951 type yukon rose lapie pass rocky
ledges on dry slope W of mile 116 ganol
canol road
banol
pors 10072 1944 holotype CAN isotype S

0

these are the pallid flowered plants of the

yukon and alaska in their most typical condiuniform
mly
uniformly
tion the racemes
aly
raceles are compactly and unifor
small flowered they vary from that norm to
elongate racemes
raceles with small to large flowers
bracts are mainly small but in some they
the braats
are very long and conspicuous in the inflorescence on the one side the plants seem to
grade with var hudsonica
hudso nica and on the other
with both var vilcida
viscida and var borealis
viscida
oxytropis borealis var vilcida
nutt welsh comb nov
vilcida nutt ex torr & gray flora N amer
oxytropis viscida
1 341 1838 aragallus viscidus
visci dus nutt greene
pittonia
pittoma
pittora
Pit tonia 3 211 1897 astragalus viscidus
visci dus nutt
widestrom
Tid
tidestrom
estrom proc abiol
50 19 1937 0
biol soc wash 50191937
5019.1937
campestns
campe
vilcida nutt S watson US
U S
stris var viscida
campestris
geol expl
55 1871 spiesia
eipl 40th parallel bot 5555
spiesta
sciesta
viscida nutt kuntze rev gen 206 1891 0
vilcida
leu
viscida nutt boivin naturaliste
leucantha
cantha var vilcida
Natur aliste

volume 50

canad 94 77 1967 type rocky mountains near
the sources odthe
of
the oregon SW wyoming nuttall
ofthe
s n 1834
syntypes
1834syntypesny
syn types NY PH
aragallus viscidulous
viscidulus
N Y bot gard 1
visci dulus rydb
redb mem NY
253 1900 0 viscidula
Tid
visci dula rydb
estrom contr
tidestrom
redb widestrom
U S

nat herb

25 332 1925

type montana

melrose silver bow county rydberg 2716 holonyl type specified by barneby 1952
NYI
type NY
aragallus viscidula
depres sus rydb
depresses
N Y
visci dula var depressus
redb mem NY
bot gard 1 523 1900 oxytropis leucantha
leu cantha var
de
depresca
depressa
pressa rydb
Natur aliste canad 94
redb boivin naturaliste
77 1967 type haystack mt stillwater county
montana tweedy 120 holotype nyl
NYI
NY
oxytropis gas
pensis fern & kelsey rhodora 30 123
gaspensis
1928 astragalus gas
gaspensis
pensis fern & kelsey tide
strom proc abiol
biol soc wash 50 19 1937 0
leu
leucantha
cantha var gas
gaspensis
pensis fern & kelsey boivin
Naturaliste canad 94 76 1967 type quebec
naturaliste
mont st pierre gaspe county fernald & smith
25874 14 august 1933 holotype GH iso
types
isotypes
isotopes
CAS

NYL
NYI

oxytropis ixodes butters & abbe rhodora 45 2 tab
745 figs 1 6 1943 0 leu
leucantha
cantha var ixodes
butters & abbe boivin naturaliste
Natur aliste canad 94
16 1967 type minnesota south fowl lake
76
cook county butters abbe & burns 611 27
june 1940 holotype MINN isotypes
isotopes
iso types GH NY
USL
PH US
oxytropis leu
leucantha
cantha var magnifica
magnified boivin naturaliste
Natur aliste
canad 94 77 1967 type alberta macloed
high river 27 june 1902 J fletcher s n holotype DAOL
DAO
oxytropis ixodes var ecaudata butters & abbe rhodora
45 4 1943 type ontario thunder bay district
butters abbe & burns 682 holotype MINN

alaska yukon NWT
quebec british columbia alberta minnesota oregon idaho wyoming nevada
utah colorado and california
this variety includes almost as much diversity as the species as a whole the numerous
subunits are held together by tenuous characthat are difficult to define or place in a
te
teristics
key variation is often great in subpopulations
from adjacent hillsides or even on a single
gravel bar especially in the arctic one is
reminded of the conditions of morphological
variation occurring in the boreal 0 nigres
nibres
cens var nigrescens
nigrescent as regarded by this author unless one is willing to support a taxonomy wherein the purported taxa are largely

distribution

sympatric and consist of morphological subunits whose genetic continuity is questionable made up of a series of similar plants held
together by that similarity and not by genetic
linkage there seems to be no reasonable way
to segregate the morphological variants as
taxa the rather large number of synonyms
often at specific or varietal levels reflects the
attempts at segregation
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oxytropis borealis var australis
welsh var nov
vilcida nutt
similis 0 boreali var viscida
paulidis
pal lidis et inflorescent
floribus
flor ibus pallidis
inflorescentia
ia
welsh sed in florinus
foliis saepe
vulgo
aulgo foldis
laepe subaequalis distinguitur
caespitose acaulescent 6 19 cm tall pustipuled
bes
bescence
cence basifixed stipules
sti pules glabrous to glan15.5
dular or sparingly so leaves 4 iss
155 cm long

31 may 1986 E neese B neely R kass
17521 do ca 13 km N of fish lake t24s
r3e s33 25 july 1987 B franklin & J & J

is
1.5
leaflets 15 33 ls
15 20 mm long 1 5 mm
wide oblong to lanceolate or elliptic sparingly pilose to glabrate or glabrous on both
sides sometimes also glandular scapes
2 165
16.5 cm long spreading hairy racemes
raceles 2
to 11 flowered the flowers spreading ascend
braats
ing the axis 1 3 cm long in fruit bracts
glabrous dorsally glandular flowers 11 19
mm long whitish or rarely suffused with pink
calyx 5 11 mm long the shortly cylindric
is
3.5
1.5 35
tube 4 7 mm long the teeth ls
35 mm
15
long triangular subulate commonly glandular pods erect sessile ovoid to subcylindric
8 16 mm long 4 6 mm thick glandular
distribution utah and nevada USA
TYPE
utah sevier co open hillside E
of
ofhogan
hogan pass along utah hwy
bwy 72 at 8300 ft
elevation flowers white t25s rae
r4e 23 july
1967 S L welsh D isely & G moore
6452 holotype BRY isotype ISC NY a
total of 17 duplicates distributed earlier as
viscida nutt other collections utah
0 vilcida
emery co 10 km due W of ferron 2 june
1977 E neese & S white 3022 do E end
of bald ridge tigs rae
slo 11 july 1979
r8e SIO
R foster sanpete co 20 km up ferron
canyon tigs rae
r5e s36 9 june 1977 S
clark & K taylor 2473 do ferron mt
t20s rae
r5e s33 11 july 1989 M A franklin
aspen spring salina
6794 sevier co
canyon 18 june 1943 W P cottam 9191
do 1 km SE of
mt hilgard 25 august 1965
ofmt
offt
ls
is
1.55 km S
R stevens 110 do desert view ca 115
of
ofhogan
hogan pass ca 23 km N of fremont t25s
raw
r4w 10 may 1969 S L welsh D atwood
L higgins 8971 do 21 km due SSW of
offre
fres4 8 july 1977 S L
jet t26s rae
montjct
mont
r4e sa
welsh 15359 do head of clear creek below
hilgard mt t24s rae
r4e s26 30 june 1977
S clark 2662 do clear creek ca 3 km SE of

slopes overlooking deep creek t27n rae
r4e
s25 17 june 1986 J M porter 3863 nevada
elko co ruby mountains S of harrison
pass t28n r57e ca s25 7 august 1967
J L gentry & G davidse 1823 nye co
toquima
IN
toquica range pine creek drainage TI
t11n
r45e 24 july 1964 J L reveal 657 do
toquima
toquica mts ca 110 km S of austin TIIN
r45e ca s28 15 july 1973 A cronquist
11048 do toquima
toquica range mt jefferson
head of south fork pine creek TI
IN r45e
t11n
s29 & s32 18 july 1978 K R genz 8246
do north side of timber mountain grant
range t6n
tan r57e 27 june 1979 M J
79 109 4
williams & A tiehm 791094
ofo
this southern phase of
0 borealis though
mainly montane in distribution occurs mostly
on xeric sites in sagebrush black sagebrush
grass ponderosa pine and aspen parkland
communities often on exposed ridges or outcrops main substrate types are of igneous
origin either granitic or basaltic derived
soils but limestone also serves as a substrate
elevational range varies from 2135 to 3355 m
the differences cited in the diagnosis are
intraspecific
infra specific and
not absolute as is usual for infraspecific
even specific taxa in this genus flower color
is typically white or ochroleucous but some
are occasionally tinged with pink and some
that appear to be white when fresh fade
slightly lavender on drying inflorescences
tend to be only slightly longer than the leaves
inflo
or even slightly shorter but some have inflow
rescences much surpassing what appear to be
juvenile leaves with tiny leaflets the herbage
is often conspicuously glandular with sand
grains and plant fragments adhering the stip
ules are occasionally quite glandless however in spite of the variation in morphology
these plants appear to represent a xeric southern phase related to the typically more mesic
var vi scida that variety shorn of var australis is not much less polymorphic there
are individual plants and possibly even subpopulations within var vilcida
viscida that simulate

clear creek guard station t24s rae
r4e 10
june 1981 D atwood 7947 do milepost 18
on utah hwy
bwy 72 t25s rae
r4e s22 31 may
1986 R kass E neese B neely 2345 do
milepost 18 on utah hwy
bwy 72 t26s rae
s4
r4e sa

rae

chandler 4999 wayne co elk horn guard
station t27s rae
r4e sis 17 june 1977 S
welsh 14982 do paradise valley t25s
rae
r4e 24 july 1978 D atwood 6922 do
elkhorn campground t24s rae
r4e sis 16
june 1986 J M porter 3918 do on the
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S
L WELSH
SLWELSH

var australis
wallowa mounau strahs plants from the gallowa
tains of northeastern oregon are almost as
variable as var vilcida
viscida as a whole
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reproduction OF THREE SPECIES OF POCKET MICE
perognathus IN THE bonneville BASIN UTAH
12gand
cramer12
and joseph A chapman
kenneth L cramer

1

data on reproduction of three species of pocket mice perognathus occurring in northern utah are
summarized perognathus parvus
carvus and P formosus
formo sus bred in spring but not the remainder of the year this occurred
ABSTRACT

despite mild fall and winter temperatures and shallow snowcover litter sizes for F
P carvus
parvus and P fonnosus
sus were
formosus
formo
ofp
similar to those reported by previous investigators A small sample of
longi membris indicated they may have much
longtmembris
ofaP longimembris
5 78 young than previously reported for laboratory populations adult body mass was
larger litters averaging 5.78
578
positively correlated with testis mass in all species and with litter size in P parvus
carvus

pocket mice genus perognathus are widespread and ubiquitous components of rodent
communities in western north america despite a growing body of knowledge concerning
their ecology such as competitive interactions eg brown and lieberman 1973
seed caching eg kenagy 1973 reichman
1975 and physiological adaptations to and
arld
arid
environments macmillen 1972 studies of
pocket mouse reproduction are primarily
anecdotal or based on laboratory colonies
jones 1985
here we report on reproduction in field
populations of the long tailed pocket mouse
perognathus formosus
formo sus great basin pocket
mouse P parvus
carvus and little pocket mouse
P longimembris in the bonneville basin of
northwestern utah specifically we examine
seasonal variation in reproductive activity litter size and allometric relationships between
body mass and reproductive variables

tooele county utah in the bonneville salt
thoele
flats collection sites are between 1300 and
1420 in in elevation on the floating island
newfoundland mountain and stansbury
island sites and 1650 in in the hogup
hogop mountain and grassy mountain sites fig 1
all collection sites are dominated by
northern cold desert vegetation including
sagebrush artemisia app
spp saltbush atriplex
rabbit brush chrysothamnus app
app
spp
rabbitbrush
spp
horsebrush tetradymia app
spp
greasewood
and juniper juniperus
sarcobatus app
spp
osteosperma the dominant shrubs vary according to elevational moisture and soil
salinity gradients all sites show a high degree
of similarity in plant genera 39 52 overlap
using jaccard s index of similarity with the
exception of stansbury island which ranges
between 22 and 29 similarity when paired
with other sites this is probably due to the
increased diversity found in dunes sampled
on the north shore of this island

STUDY AREAS

most P formo
sus were trapped on the
formosus
north end of the newfoundland mountains
161 with a few specimens from the
N
grassy mountains N
24 and floating
island N
12 P parous were collected
primarily from the grassy mountains N
21 hogup
hogop mountains N 36 and stanslongi membris in this
bury island N 32 P longimembris
study were sampled from floating island
N
16 located 30 miles NE of wendover

METHODS

specimens were live trapped or snap
trapped on a monthly basis in 1986 on the
newfoundland and grassy mountains for approximately 500 trap nights per month
pocket mice from stansbury island and floating island were sampled between april and

september
mice were euthanized and frozen on dry
ice in the field in the laboratory mice were

department of fisheries and wildlife utah state university logan utah 843225210
84322 5210
present address biology department central missouri state university warrensburg missouri
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hatchmarks
marks indicates the
study areas in northwestern utah sampled for three species ofPerognathus area in hatch
barren salt flats contour lines are drawn at approximately 1300 m
extent of ofbarren

fig

1

os
005
weighed to the nearest 05
.55 g and measured
total length tail hind foot ear to the nearest millimeter reproductive tracts were removed and placed in alcoholformalinacetic
acid AFA mixture 90 parts 70 ethanol
5 parts each formalin and glacial acetic acid
histological procedures followed those of
brown 1964 and duke 1957
testes were stripped of the epididymides
oi
.11
and measured lengthwise to the nearest 0ol
01
mm using an ocular micrometer testes were
then dried at 80 C for 48 h and weighed to the
oi
00.1
160 electronic
mg on a mettler ae160
AE igo
nearest 01
011 ing
analytical balance
uteri and ovaries were cleared through
an alcohol xylene series using hemo
bemo de a
xylene substitute placental scars were
counted at this stage and ovaries infiltrated
and embedded in paraffin for sectioning serial sections 10 microns thick of the entire
hematoxylin and
ovary were stained in gill s haematoxylin
mounted with permount
vermount
Per mount mounting medium
corpora lutea were counted on a dissecting

microscope at 25x magnification embryos
present were counted and measured to the
nearest 1I mm
RESULTS

results are based on data from 104 female
and 93 male P formosus
formo sus 25 female and 64
male P carvus
parvus and 9 female and 7 male P
longimembris
longimembris all data were taken from individuals in adult pelage the 1986 field season
was divided into three seasons as follows
emergence to late june july through mid
september and mid september through
early december this was done to divide
the aboveground activity of the heteromyids
into three time lengths of equal sampling
intensity
LONG TAILED POCKET MICE
males were
first captured in early march females in mid
april and neither showed evidence of breeding at that time twenty nine percent of the
17 through the end of
females sampled N

perognathus reproduction IN UTAH
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TABLE 1
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seasonal variation of testis mass dry weight mg and seminal vesicle length mm of perognathus

sus
formosus
formo

season

july mid sept

april june
158 68
5 73
158.68
5.73
15868
573

testis

N

seminal vesicle

8 80
8.80
880

N

25 25
2525

22

N

0 40
0.40
040

4 76
4.76
476

2 41
2.41
241

57

N

0 20
0.20
020

nit

N

20

no animals with seminal vesicles developed

TABLE 2

sept dec
27 28
27.28
2728
181
11

no data

17

correlations of body mass with male reproductive variables in three species of perognathus
sus
formosus
formo

parvus
carvus

longimembris
longi
longimembns
membris

50290

70264

6187

001

001

rhon

16737

67249

P

324

species

testis mass

rho
rhonN
P

seminal vesicle length

001

139

3146
545

june had corpora lutea this dropped to only percent of the females with placental scars
63
6.3
fishers had given birth to more than one litter no
63 N 63 for july september fishers
.018
x2
018 and none evidence of resorbing
exact test xa
resorting
ols
resor bing embryos or polyovuly
7.04
704 P ois
captured after mid september showed any was observed
GREAT BASIN POCKET MICE
signs of reproductive activity ten percent of
this species
the females N 19 carried embryos early in also apparently has only one peak breeding
effort in the spring although sample sizes
the season through june whereas only 13
1.3
13
79 carried embryos in the summer are too small to permit meaningful statistical
N
xa 4.38
095
.095
095
tests males were first captured in mid april
fisher s exact test x2
438 P ogs
male reproductive activity paralleled the females about two weeks later females were
observations for females testis mass and
seminal vesicle lengths were smaller as the
season progressed table 1 reflecting a
spring april june breeding peak followed
by breeding inactivity the remainder of the
year mean testis mass was more than five
times greater in the spring than in either
xa
509
V sog
50.9
summer or fall kruskal wallis x2
509
.001
001
P
001 seminal vesicles were nearly twice
ooi
as long in spring 888.8
48 mm
88 mm as in fall 484.8
reflecting a similar pattern mann whitney
.001
001
U
001 adult male body mass
25 P ooi
was significantly correlated with testis mass
spearman s rho 0502
.001
001
001 N
90
ooi
0.502 P

table 2

the

mean litter size estimated from 35
females with one set of placental scars was
589
5.89 030030
0.30 nine sets of corpora lutea from
589
separate individuals revealed a smaller esti74 our small sample sizes
4.78 07400
mate of 478
0.74
74
for these data may reflect the fact that corpora
lutea in perognathus regress rapidly duke
1957 compared with other species where
they may persist for months brown and
conaway 1964 three females with embryos
had litters of six six and five thirty four

reproductively active corpora lutea or embryos present when first captured forty five
percent 9 of 20 of females captured had cor7 of 25 were carrying
pora lutea and 28
embryos
males caught between april and june had
significantly larger testes and seminal vesicles
table 3 than individuals from the remainder of the season mann whitney U 280
28.0
280
001
.001
P
.001
001
001 for testes mass U 465
ooi
001
ooi
46.5 P
465
for seminal vesicle lengths adult male
body mass was significantly correlated with
0.702 P
0702
testis mass spearman s rho
001
.001
001 N
ooi
64 and seminal vesicle length
spearman s rho 0672
001
.001
001 N
0.672 P
49

table 2

litter size in this species was approximately

five although this was from a sample of only
nine females one set of placental scars numbered five seven pregnant females averaged
517
0046
46 embryos and nine sets of cor5.17
517 0460.46
pora lutea averaged 5.33
533 1037
037 no evi0370.37

t

dence of polyovuly or resorption of embryos
was observed size of the mother was correlated with the number ofcorpora lutea spear00
.023
738 P
023
man s rho
0.738
9 and
023 N
738
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seasonal variation of testis mass dry weight
mg and seminal vesicle length mm of perognathus
parous
TABLE 3

season

april june

testis

153 09
153.09
15309
N

seminal vesicle

10 50
N

L

6 54
654

22
0 36
22

july dec
5563
61 33 5635.63
61.33
63
6133
N 42
6 77
6.77
0.39
677
0 39
039
N 27

n42

embryos spearman s rho 0.611
.145
145
0611 P 145
7 although based on an extremely small
N
smaili
smal
sample this agrees with correlations found in
peromyscus maniculatus myers and master
1983

cramer 1988

LITTLE POCKET MICE

litter size averaged
per litter N 9 the

22 embryos
5.78 022
578
022
t 00.22
modal size was six but most of these were in
very early stages of development where uterine swellings were less than 3 mm one
female captured later in pregnancy crown
embryos 10 mm had resorted
rump length of ofembryos
resorbed
res orbed
one embryo leaving a potential litter of five
some implantation
preimplantation loss was also noted
pre
two of the litters of six resulted from seven
ova as inferred from corpora lutea counts

discussion
LONG TAILED

POCKET

MICE

previous

published reports on reproduction in P for
masus are few but generally support our
mosus
findings for a population in southeastern
washington french et al 1974 reported an
sg
56
average litter size of
5.6 77 litters and a mean
of56
56
60
660
51 both
corpora lutea count of go
.00 N
comparable to the present results the high
proportion of long tailed pocket mice with
placental scars from multiple litters may simply reflect the longevity of this species which
has been estimated as up to four years in
mark recapture studies french et al 1974
the only information on the length of the
breeding season for this species was offered by
91
of91
hall 1946 who found embryos in only 2 of
females captured in july in nevada our data
on male and female reproductive activity indicating a spring peak and cessation of breeding
activity by early july support those observations even given a combination of ofapparently
apparently
favorable weather conditions in fall and winter no breeding occurred during this period
in long tailed pocket mice september and

volume 50

october had above average rainfall 196 and
155 above normal respectively but cooler
than average temperatures 26 and 1111 C
below normal november and december
had below average precipitation snowcover
snow cover
39 and 15 of normal respectively and
09
0.9
november was og
09 C warmer than normal
NOAA climatological data annual summary utah 1986 peromyscus maniculatus in
the same area continued to breed into december cramer 1988 these data suggest
that reproductive activity in the fall in these
species of pocket mice may be more closely
tied to photoperiod than to climatic factors
reichman and van de graaff 1975 showed
the onset of reproduction in dipodomys mer
riami to be dependent on winter rainfall and
biami
subsequent spring production of ofannual
annual seeds
and green vegetation kenagy and bartholomew 1981
1981 reported a similar effect of green
vegetation on male reproductive development in perognathusformosus it is possible
then that habitat productivity cues are important for the onset of ofbreeding
breeding in the spring
but cessation of breeding in the fall is dependent on photoperiod

in a washington population of great basin pocket mice
scheffer 1938 found an average litter size of
sig
5.16
516 N 77 from embryo counts and estimated that few individuals produced more
than one litter per year iverson 1967 reported a mean litter size of485
of 4.85
485 N 39 for a
population of P parvus
carvus in south central
british columbia he also found that females
bred from april to august and that males
were reproductively inactive by mid august
ofarrell et al 1975 also suggested that an
1ii.11 litters per year was produced
average of 111
11
by this species in south central washington
our data support previous estimates of litter
size in this species and confirm indirectly the
supposition that only one litter per year is
produced on average since we found only a
short spring breeding peak reproductive activity in both males and females supports the
hypothesis of a single spring breeding peak
with young of the year deferring reproduction until the following spring
GREAT BASIN POCKET MICE

LITTLE POCKET MICE

this species pro-

rour young N 52 in the
duced an average offour
bour
offous
laboratory with a range of one to six hayden
et al 1966 other than hayden s study data
for this species are scarce duke s 1957 study

perognathus reproduction IN UTAH
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does not specify litter sizes for the three species he studied same three as in this study
but he cited an average litter size for all three
species of 5.38
538 in our samples the modal
longimembris is six much
litter size for P longimembris
higher than the average of four reported in the
laboratory hayden et al 1966
our results suggest that pocket mice in
northern utah generally breed only in the
spring although they may produce more than
one litter per year long tailed pocket mice
and little pocket mice usually have six young
per litter while great basin pocket mice usually produce about five young per litter these
data are consistent with previous literature
with the exception of our litter estimates for
little pocket mice even given our relatively
small sample sizes the large discrepancy two
young per litter between our field data and
previous lab estimates hayden et al 1966
suggests that caution be exercised in extrapolating from the lab to the field this could be
particularly misleading when drawing inferences from large literature reviews of diverse
data sets eg jones 1985
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ectomycorrhizal FORMATION

BY

pisolithus TINCT
ORIUS
tinctorious
tinctorius

ON QUERCUS gambelli
CAMBELII
GAMBELII
HYBRID
cambelli X QUERCUS
IN AN ACIDIC SIERRA NEVADA MINESOIL
R

recent reports walker

waiker
F walker

1990 disclosed pisolithus tinctorius
tinctorious
tinctorius pers coker &
couch occurring in ectomycorrhizal associajeffreyi
jeffreyj
tion with jeffrey pine pinus
pinusjeffreyi
yi grev &
jeffre
balf sierra lodgepole pine P contorta
contorta var
conforta
murrayana grev & balf engelm and
california white fir abies concolor var
lowiana
lodiana gord I1 lemm on spoils of the
leviathan mine in alpine county california
this gasteromycete which has a near worldwide distribution in temperate subtropical
and tropical latitudes is a mycobiont of nu-

1989

merous conifer and hardwood hosts marx
1977 in the united states it has been most
often observed in association with various
pine species on harsh sites in the east south
and midwest lampky and peterson 1963
schramm 1966 hile and hennen
hermen 1969
lampky and lampky 1973 marx 1975
medve et al 1977 subsequently P tincto
rius has been the focus of concerted efforts to
develop pure culture inoculation techniques
for nursery grown pine seedlings marx et al
1976 1984 1989a 1989b outplanting
Outplanting trials
on southern appalachian surface mines have
demonstrated the potential benefits of planting inoculated seedlings on marginal sites
which include improved survival and growth
attributable to enhanced uptake of nutrients
marx and artman 1979 and water walker
et al 1989 currently research is concentrated on identification of potential new host
species and sources of locally adapted P tinc
dorius
torius isolates as well as improvement of
inoculation methods the findings reported
here result from efforts to ascertain the host
range of this fungus in the sierra nevada and
great basin
leviathan mine an inactive open pit sul
university of nevada reno department

of

turbinella

range wildlife and forestry

fur mine of approximately 100 ha is located on
the eastern slope of the central sierra nevada
384230n 1193915w at an elevation of
2200 m and receives an average annual precipitation of 50 cm primarily as snowfall
A comprehensive evaluation of the chemical
properties of the minesoil
mine soil butterfield and
tueller 1980 revealed a ph of 40
4.5 a
4.0 45
45
40
deficiency of plant available N and a potentially phytotoxic al concentration efforts to
revegetate the mine since its closure in 1962
have met with limited success although more
recent attempts using a variety of native and
nonnative woody species have been somewhat encouraging additionally the periphery of the mine has been re colonized by several species from the adjoining undisturbed
forest primarily jeffrey and sierra lodgepole
pine and california white fir overall however much of the site is either sparsely vegetated or barren
further examination of leviathan mine
spoils in september of 1989 and 1990 revealed
P tinctorious
tinctorius in ectomycorrhizal association
with seedlings of the hybrid gambel oak
quercus gambelin
gamb hill
gambehi
gambelii
elii nutt X turbinella oak
Q turbinella greene these seedlings were
planted in 1987 as containerized stock grown
from acorns collected in southern nevada the
only location in the state where this hybrid
occurs naturally tucker et al 1961 one to
three P tinctorious
basidio carps dark yellow
orius basidiocarps
tinctorius
tinct
to brown in color and matching the description of coker and couch 1928 were observed near solitary seedlings fig IA while
basidio carps were often internumerous basidiocarps
spersed among clusters of seedlings stipitate substipitate
sub stipitate and sessile forms were encountered varying in size from 3 to 6 cm in
1000 valley

367

road reno nevada 89512
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pisohthus tinctorius
pisolithus
basidio carps on spoils of the leviathan mine in alpine county california associated
tinctorious
tinct orius basidiocarps
with A gambel oak X turbinella oak hybrid B rocky mountain juniper

fig

1

diameter and from 8 to 15 cm in length the
basidiocarps
basidio carps were rarely more than one meter
from the host mycelial strands with the charact
acteristic
eristic gold yellow pigmentation of P tinc
dorius
torius schramm 1966 were traced through
basidio carps to seedling
the minesoil
mine soil from basidiocarps
root systems which exhibited the similarly
pigmented monopodial bifurcate and coralloid ectomycorrhizae formed by this myco
blont marx and bryan 1975a excavation of

a single

representative oak root system
revealed that approximately 20 of the lateral
roots bore P tinctorious
mycorrhizal or an
tinctorius mycorrhizae
obvious fungal mantle
additional P tinctorious
basidio carps were
tinctorius basidiocarps
observed in the immediate vicinity of seedlings of rocky mountain juniper Yuni
perus
juniperus
scopulorum sarg woods rose rosa woodsie
woodsii
ultramontana wats beps
ultramontane
lindl var ultramontana
jeps and
siberian peashrub caragana arborescens
arborescent
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basidio carps
tinctorious
tinct orius basidiocarps
fig 1I continued pisolithus tinctorius

on spoils of the leviathan mine in alpine county california

shrub
peashrub
associated with C woods rose and D siberian pea

lam

these three species were also planted

as containerized stock with the plantings of
rocky mountain juniper in 1984 and woods
pea shrub in 1986 typirose and siberian peashrub
cally one or two basidiocarps similar in

appearance and size to those found with the
hybrid oaks were again observed within one
meter of isolated seedlings of the three speD and P tinctorious
tinct orius mycelial
tinctorius
cies figs IB
IBD
mine soil
strands were also traced through the minesoil

basidiocarps
from the basidio
carps to the root systems
however no ectomycorrhizae were found
on any of these three species following excavation of complete root systems although
species within the genera juniperus and
rosa are known to form ectomycorrhizal relationships
tion ships harley and smith 1983 rather on
pea shrub observed
the juniper rose and peashrub
here only a loose fungal mantle of the charachyphal was
te
tinctorius hyphae
teristic gold yellow P tinctorious

370

apparent on the fine roots given that excavated seedling specimens and the associated
basidio carps were
basidiocarps
10 in from any other
vegetation it is likely the fungus derived its
requisite carbohydrates solely from these
seedlings as most ectomycorrhizal fungi are
assumed to rely on the carbohydrates obtained through the infection of an autotrophic
host for completion of their life cycles and
subsequent fruiting body production marx
and bryan 1975b thus the apparent lack of
ectomycorrhizal formation on the juniper
rose and peashrub may indicate the development of a parasitic or perhaps ectendomycor
rhinal relationship between P tinctorious
rhizal
tinctorius
tinct orius and
these hosts in the leviathan mine although
there are no reports of this fungus forming
either of these relationships with any of its
previously identified host species
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NATURAL HYBRID BETWEEN THE GREAT PLAINS TOAD
BUFO COGNATUS AND THE RED SPOTTED TOAD BUFO PUNCTATUS
FROM CENTRAL ARIZONA
brian K sullivan

1

hybridization among toads of the genus sured its cloacal temperature with a weber
bufo is well known sullivan 1986 in the quick recorder thermometer five calls
southwestern united states hybridization has were analyzed with a DATA precision 6000
been documented within both the ameri waveform analyzer see sullivan 1989 for
punct atus species groups fergu- details and mean values were calculated
canus
banus and punctatus
for each call variable data are reported as
son and lowe 1969 sullivan 1986 however
natural hybridization between members of the mean t standard deviation
more distantly related species groups is relathe mean pulse rate of the advertisement
tively rare natural hybrids between bufo call of the hybrid was 45 ps and the mean
7.8
punct atus and both B boreas feder 1978 duration was 78
punctatus
78 s at a cloacal temperature
and B woodhousii mccoy et al 1967 have of 24 C the corresponding values for 13 B
punct atus recorded on the same night were
been described documentation of hybridiza- punctatus
1.23 s cloacal tem2.60
6.4
260 ps and 64
64 123
tion is important because it provides informa- 55 L 260
25 t 34.34
peratures
34 C the values for
tures
tion about the genetic relatedness of taxa as pera
well as potential insights into proximate as- 8 B cog
1.66 ps and 18 L
cognatus
cognates
natus were 24 t 166
82
.82
82 C
pects of species recognition and reproductive 7.58
758 s cloacal temperatures 25
behavior herein 1I report on a natural hybrid the dominant frequency of the hybrid s ad2109 khz lower than
cognates
cog
between B cognatus
natus great plains toad and vertisement call was 2.109
.111
B punctatus
2.538
111 khz and
2538
punct atus 2538
punct atus red spotted toad members both B punctatus
lii
iii
.207
B cognatus
207 khz hence the
cognatus 2700
cognates
2.700
of separate species groups within the thin
2700 t 207
advertisement call of the hybrid although
skulled lineage of north american toads
punct atus was inthe hybrid male was collected in a rain more similar to that of B punctatus
termediate
mediate in pulse rate and duration and draformed pool on the evening of 13 august 1990 ter
matically
cally lower than either parental species in
at the cave buttes recreation area along mati
dominant frequency however the vocal sac
cave creek 12 km
kra southwest of cave creek
mancopa
copa county arizona approximately 50 was darkly pigmented and sausage shaped
Mari
maricopa
marl
maricola
mm of rain
ram fell from 11 to 13 august on each when inflated fig 1 the condition typical of
fain
cog natus
cognates
anusans called along a B cognatus
evening a number of anurans
the hybrid was intermediate in size 63 mm
narrow 3 m wide flowing stream and a
punct atus
large shallow pool 40 m diameter created snout vent length relative to B punctatus
54
cognates
cognatus 75
2.59
4.83
by an earthen dike across the stream channel
259 mm and B cognatus
483
cognates
natus and scaphio- mm the oval parotoid glands enlarged cracog
alvanus
male B al
varius B cognatus
conchit called from the pool while male nial crests and boss of the hybrid were also
couchit
pus couchii
B punctatus
intermediate to B cognatus
cognates
cognatus and B punc
punct atus were restricted to the channel
bunc
the hybrid was calling among the male tatus following the methodology of ferguB cognatus
cog
cognates
natus at the large pool I1 recorded a son and lowe 1969 1I determined four ratios
length parotoid width svlparotoid
series of its advertisement calls using a parotoid lengthparotoid
length eyelid length tibia
marantz PMD 430 cassette recorder and width parotoid lengtheyelid
sengheiser
Serm
sermheiser
sennheiser
helser meso
heiser
Senn
ME 80 microphone and I1 mea parotoid length for the two parental species
program
arizona 85069
life sciences Pr
ograin box 37100 arizona state university west phoenix anzona
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and the hybrid all of the ratios calculated for
the hybrid were between the mean values and
exclusive of the 95 confidence intervals for
the two parental species
unfortunately the hybrid escaped after
these observations were completed documentation of a natural hybrid between members of these two distinct species groups
is noteworthy although B cognatus
cognatus and
cognates
B punctatus
punct atus typically breed in dissimilar
habitats the present observations reveal that
they may interact if they breed sympatrically
sympatric ally
and that they can produce hybrid offspring
additional work will be required to determine
the evolutionary importance if any of such
interactions
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NEW VARIETY OF OXYTROPIS campestris
CAMPE STRIS FABACEAE
FROM THE COLUMBIA BASIN washington
elaine joyal

in 1984 1I found an oxytropis in central
washington that 1I was unable to identify col-

to short- s tipitate
stipitate
tipi tate erect 1 celled with the suture not or only slightly intruded the wall
membranous leathery 10 20 mm long beak
about 6 mm long

lection was made and sent for determination
to rupert barneby who puzzled over it for
some time before concluding that it lacked a
published name what follows is a description
of that taxon this is a rare taxon presently
known from a single population on an isolated
mountain habitat and ecological notes are
included therefore to facilitate understanding of the taxon s conservation status

oxytropis campe
stris L DC
campestris
var wanapum joyal var nov
fig
figl
campe stri L DC var gracili
A nels
campestri
gracile
0 campestre
gracilia
barneby affinis plantis dense sericea
sericeo pilosis
rob ustis fo liolis 20 25 cokollis
robustic
robustis
lavan dulis
corollis lavandulis
caminis
carinis maculatis differt
caespitose perennial acaulescent 17 30
cm tall herbage silvery densely silky pilose
to villous stipules
stipuled
sti pules membranous pilose to
densely pilose the blades free for half their
65
length 5 gs
6.5
65 9 16 mm long margins ciliate
to densely ciliate leaves 11 14 18 22 cm
long with 13 19 26 32 linear to narrowly
oblong leaflets 8 15 25 33 mm long scatsub opposite scapes erect to spreadtered subopposite
ing 10 17 21 30 dm long pubescence
spreading appressed racemes
raceles in part exceeding the leaves 5 6 12 17 flowered congested in flower 4 6 8 12 cm long in fruit
calyx sericeous pilose 7 9 mm long greater
than half the length of the corolla with a few
dark hairs the tube 5 7 mm long the teeth
1 2 3 mm long linear lanceolate corolla
1I

pale lavender with darker penciling keel
maculate drying blue banner obovate
14 16 23 mm long wings 13 15 19 mm
long keel 10 11 14 17 mm long pod sessile

TYPE UNITED STATES

washington grant

county saddle mountain above lower crab
creek and E of beverly t15n r24e sa
s2

nig
n12

elev ca 550 m NNE aspect at crest of
ridge in sandy volcanic ash soils above steep
basalt talus 25 may 1987 flower and early
fruit joyal 1264 holotype US Iso
isotypes
isotopes
types
BRY CAN CAS ISC K MO MONTU
NY OSC S UBC WS WTU

washington
grant county saddle mountain above
lower crab creek t15n r24e sa
s2 elev ca
550 m NNE aspect at crest of ridge in sandy
soil 15 may 1984 flower joyal 467 BLM
spokane NY OSC
OSQ
oso
there are currently at least 10 varieties of
campe stris recognized in north america
0 campestris
barneby 1952 elisens
elises and packer 1980
welsh personal communication characters
used to distinguish the infraspecific
infra specific taxa are
intraspecific
length of leaves and of scapes number of
leaflets numbers of flowers per raceme
length and density of flowers in raceme color
of corolla habitat and distribution there
are notable differences in these characters in
variety wanapum when compared with other
varieties of
ofo
campestris
stris the three varieties
0 campe
that occur in eastern washington with var
wanapum are compared below a key also is
provided to separate these four varieties see
barneby 1952 elisens
elises and packer 1980
welsh personal communication for comparison with other 0 campe
campestris
stris varieties on
the average plants of var wanapum are more
robust and have a greater number of leaflets
the length of the leaves 16 cm averages

department of botany arizona state university tempe arizona 85287
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oxytropis campestris
campe stris var wanapum habit flower bar
and photos of the saddle mountain population
1

1I

cm composite drawing from joyal 467 1264
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greater than those of var columbiana st
john barneby cusickii
cusic kii greenm barneby
bis A nels barneby 11 6 and 11
and gracilis
fis
graci his
cm respectively leaflet length 20 mm likewise averages greater than those of the other
three varieties 14 8 and 12 mm scape
length 20 cm is also greater than the other
three 17 7 and 16 cm the mean number of
leaflets 22 is greater than the first two vari15 and within the range of the
eties each
third variety 17 the average number dofflow
offlow
of flow8 5 is within the range of
ers per raceme 858.5
85
three related taxa 8 12 with columbiana
his
fis occasionally having as many as 30
and graci
gracilis
flowers
flowersraceme
raceme keel length 12 mm is similar
for all four taxa with gracilis showing slightly
larger dimensions the pale lavender flower
color while not unique in the group is unknown among northwest members of 0
campe
campestris
stris some of these differences might
be explained as a phenotypic response of a
primarily montane taxon to a desert environment its desert habitat sets this taxon apart
from its close relatives in nearby mountains
precipitation is about half that of the mounamyr the climate is
cmyr
tains 20 cm vs 40 emyr
warmer the vegetation is shrub steppe rather
than forested the geologic substrate is sedimentary and volcanic rather than intrusive
with some volcanic rocks and it lies south of
the glaciated portions of the Oka
okanogan
nogan highlands and cascade range

1

key to closely related varieties of
oxytropis campe
campestns
stris in the pacific northwest
campestris
after hitchcock and cronquist 1973
corolla white with maculate keel leaflets 12 17
23 in wet gravel along the columbia river in
washington historically and near flathead
lake montana
var columbiana

1I

corolla other than white with maculate keel
leaflets often more than 17

2

stipuled
pules glabrous or glabrate scapes rarely
Sti
stipules
greater than 15 cm leaflets seldom greater than
17 range of var gracilis but not above 2000 in
elevation and not west odthe
of the cascades
ofthe
kii
custckll
var cusickii
cusic kit

21
2

stipuled
pules very hairy scapes mostly greater than
stipules
Sti
15 cm leaflets generally greater than 17

3

ochroleucous or white keel rarely maccorolla ochraleucous
ulate leaflets 15 20 plants averaging smaller
than the next scapes averaging
avel aging 16 cm usually
avei
montane plants in prairies east of the rocky
mountains western washington to alberta and
south dakota south in rocky mountains to colorado

var gracilis

3

375
corolla pale laven
lavender
der
dei with darker penciling
maculate keel drying blue leaflets 20 25
plants larger than the preceding scapes averaging 20 cm desert plants at low elevation in the
columbia basin of
ofcentral
central washington
var wanapum
I1

elisens and packer 1980 most recently
elises
treated the 0 campe
campestris
stris complex in northwestern north america they introduced
new cytological information for several of the
taxa in this difficult complex on the basis of
these data they re elevated several taxa including the eastern washington var columbiana to full species status while accepting
their findings I1 do not see that it necessarily
follows that taxa such as 0 campestris
campe stris var
follows
columbiana should be given specific status
based on elisens
elises and packer s new data more
importantly barneby personal communication and 1I agree that it is preferable to treat
the undescribed taxon in a conservative fashion and place it at what we consider the appropriate rank as a variety of
campe stris near
ofo
0 campestris
var gracilis it may well be that future studies
welsh personal communication in the 0
campe
campestris
stris complex will result in this entity
being raised to a higher rank however until
that work is completed varietal status under
campe stris seems more appropriate
0 campestris
oxytropis campe
campestris
stris var wanapum is
presently known only from saddle mountain
in the columbia basin of central washington
fig 2 saddle mountain is an isolated east
west trending ridge formed from a partly
faulted anticline that stretches approximately
50 km being cut by the columbia river at
beverly several ranges to the southwest conceivably
ceiva bly may contain habitat suitable for var
wanapum whereas the north slope is steep
basalt talus the south slope is gentle and
sandy and dominated by artemisia tri dentata
of deep
the oxytropis grows in a narrow band ofdeep
sand derived from volcanic ash slightly below the crest of the north facing ridge the
community is very open as is typical of many
sandy habitats it is dominated by chrysothamnus nauseosus salvia dorric
dorrii monardella odoratissima agropyron spica
tum and
spicatum
tectorum
torum other species present intectorium
bromus tec
clude achillea mille
millefolium
folium arenaria frank
linii
purshia
lilii astragalus ca
shii caspurshii
caricinus
ricinus A pur
tilleja cf thompso
thompsonii
sii
dougla
nii chaenactis douglasii
umbellata crepis modocensis
umbellate
comandra umbellata
Cryptantha pterocarya erigeron linearis
cryptantha
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fig

2 distribution of oxytropis campestris
campe stris varieties

in eastern washington and adjacent oregon data points
are of representative specimens from MO OSC US and
WTU elevations in the columbia basin physiographic
province average less than 500 m unshaded those in the
blue mountain north and south cascade and okanogan
Okanogan
highland physiographic provinces average greater than
500 m shaded

eriogonum microthecum E ovalifolium
lanatum galium multiflorum
lunatum
eriophyllum lanatum
hackelia arida lupinus sp
cilia sinuata
sinuate Hackelia
pentstemon
penstemon
Pen stemon richardsonia
richardsonii
nii and poa sp taxonrichardso
omy follows hitchcock
ffitch cock and cronquist 1973
no other oxytropis spp
app were noted in the
immediate vicinity
plants of this taxon are frequent several
hundred individuals in this restricted area
and there is a good size class distribution of
individuals 1I observed seedlings which 1I
presumed to be from the previous year small
vegetative individuals and flowering plants
the largest plants had many flowering stems
as many as 48 stems per plant observed and
05
covered areas up to os
0.5 meter across this
05
oxytropis flowers profusely my first collection of the taxon was made at peak flowering
in the middle of may 1984 an average season
with respect to temperature and precipitation during my second visit in late may
1987 an early and dry spring 1I found the
plants mostly past flower and well into
fruit the flowers of this oxytropis are held at

a 45 degree angle from the rachis or higher
becoming erect in fruit the only floral
visitors 1I observed were several iridescent
blue green metallic leafeutter
leafcutter bees cosmia
osmia
integra
interra cresson hymenoptera megachilidae working oxytropis flowers on the upper
slope the pods have a short pubescence and
redden as they mature seed set appeared to
be good but predation of seed pods was high
some pods had their sides chewed out in a
pattern typical of departing larvae with not a
single seed remaining within more often the
upper one half or one third of the pod had
been eaten away entirely along with all developing
ve
seeds no larvae were observed but
weevily collected from the pods
several small weevils
of
were identified as species oftychius
tychicus coleoptychius
Tyc hinae
tera tychinae
oxytropis campestris
campe stris var wanapum occurs
on land that is a checkerboard of bureau of
land management BLM and private lands
the primary land use is grazing some recreational vehicle use occurs on the mountain as
does natural gas exploration the area in
which the oxytropis grows is isolated by low
rimrock from the bulk of the grazing activity to
the south the BLM s spokane district is
treating the taxon as a sensitive species
the varietal epithet honors the wanapum
tribe who originally called saddle mountain
and the desert surrounding it home the
wanapum except for one small community
on the south side of the mountain have
mostly disappeared from the landscape
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EFFECT OF BACKPACK RADIO transmitter
ON CHUKAR MATING

attachment

2
slaugh 13 jerran
bartel T slaugh13
johnston33
johnstone
berran T flinders jay A Roberson and N paul johnston
1

results of a previous study slaugh et al
1989 indicate that backpack radio transmitter

attachment is more compatible with chukars
chudars
alectoris chukar than is a poncho apparatus
it appears though that backpacks especially
the antenna angle could inhibit chukar mating the objective of this study was to determine the effects if any of backpacks and antenna position on mating and fertility

N

MATERIALS AND METHODS

chudars were housed as pairs or trios in
chukars
45 cm high X 75 cm wide X 90 cm long wire
cages six pairs had no radio transmitters
attached group 1I in group 11
II each of s ixx
cages contained one male and one female
without radios plus one female with a simu-

fig 1I backpack attachment of simulated radio trans-

i

lated backpack radio with the antenna angled
downward along the tail fig 1 in group 111
III
ili
each of six cages contained one male and one
female without radios plus one female with a
simulated backpack radio with the antenna
angled upward fig 1 the purpose was to
determine if the males would prefer to mate
with the females without radios and exclude
the females with radios eggs were collected
from females for one week prior to exposure
to males to ascertain fertility status females
were exposed to males for four days and then
separated and caged individually to facilitate
individual fertility observations eggs were
collected for one week incubated for one
week and then opened to determine fertility
RESULTS AND

discussion

females in all groups produced fertile eggs
indicating that males did not exclude radio

mitters with antenna angled downward left and upward
right

attached females from their mating the
radios and antennae did not impair mating
even when antennae were angled upward
males were observed to either straddle the
antenna or grasp it with a foot and bend it
downward while mating these results indicate no mating problems with captive
chudars fitted with radio transmitters their
chukars
behavior however could possibly differ in
the wild
this study did not include any field observations of mating or fertility the only problem observed with released chukars
chudars carrying
backpacks was that with the antenna angled
upward some birds experienced difficulty in
flying as a result of a wing coming in contact
with the antenna attachment one week prior
to release to allow time to become accustomed to radios did not affect flight ability
or survival

of botany and range science brigham young university provo utah 84602
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2utah
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FOOD CACHING AND HANDLING

BY MARTEN

Raphae122 and leonard F ruggiero
stephen E henry martin G Raphael

various studies provide evidence of food
caching by marten martes americana
marten have been seen uncovering or retrieving food items murie 1961 simon 1980
buskirk 1983 but whether these items were
initially cached by marten was unknown
hawbecker 1945 and thompson 1986 documented food concealment by marten but
neither reported subsequent recovery of
prey due to lack of evidence stordeur
1986 concluded that caching of food is uncommon in marten prey caching has important implications for foraging frequency and
energetics of marten
STUDY AREA AND METHODS

the primary

objective of our research was
to quantify changes in marten home range
characteristics and habitat use following the
fragmentation of a subalpine coniferous forest an ancillary research objective was to
describe the characteristics of marten resting
sites our study area was in the medicine bow
national forest 18 km south of encampment wyoming the area was characterized
by stands of lodgepole pine pinus con
contorta
torta
conforta
engelmannia
engelmannii and
engelmann spruce picea engelmannii
lasiocampa small meadsubalpine fir abies lasiocarpa
ows and rock outcrops were interspersed
throughout the area elevations at the observation sites ranged from 2935 to 3387 in
most observations were made during field
efforts to locate resting sites of radio collared
marten resting sites were defined as locations in which a marten remained stationary
and inactive for at least 005
005
.55 h the radio signal
strength was monitored for 04
1.5 h from
0.4 15
15
04
a distance of at least 70 in after the signal
indicated inactivity the potential resting site
was quietly approached on foot to avoid alert

1

ing the marten or causing it to flee precautions were made to minimize the observer s
influence in order to maximize observations
of natural behavior these precautions included reduction of receiver volume concealment of the observer and removal of shoes
if necessary

observations
9 june 1987 1445 h adult male
ma was seen carrying the hind half of a
marten m3
CASE 1

snowshoe hare lepus americanus
americ anus for about
americanos
20 in near a known resting site he cached the
hare under a leaning stump and then foraged
within 400 in for about os05005
0.55 h before returning
to the hare and carrying it away
CASE 2
8 july 1987 1015 h ma
m3 was seen
foraging in and around a rock outcrop after
5 min the marten emerged from the rocks
grasping a juvenile yellow bellied marmot
marmota flaviventris by the neck he immediately carried the prey approximately
550 in deposited it in a rock crevice in a road
fill and then left the site there were six
marten seats at the entrance of this den indicating prior use by this or other marten
1 september 1987 1900 h ma
CASE 1
3
m3
busby tailed
talled wood rat
was found resting in a bushy
neotoma cinerea nest in a rock outcrop he
growled a few times and then ran away carrying an unidentified mammal
9 september 1987 1730 h m24
CASE 4
was found resting in a rock outcrop As the
observer approached the marten peered
from a crevice before disappearing back into
the rocks after a few seconds he emerged and
fled carrying a chipmunk tamias spp
app
CASE 5
22 september 1987 1300 h
ma
m3 was seen feeding on a freshly killed
blue grouse dendragapus obscurus
obscures next

rocky mountain forest and range experiment station 222 south 22nd st laramie wyoming 82070
pacific northwest forest and range experiment station 3625 93rd ave S W olympia washington 98502
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382

to a large log the marten carried the grouse
about 40 m and cached it in branches of a
recently felled pine then retreated to a
nearby resting site under a different log two

blue grouse feathers one northern flicker
colaptes
au ratus feather and two gray jay
auratus
colantes auranus
perisoreus
Peris oreus canadensis feathers were found
at the entrance to the resting site after 25
min the marten ran from the den took the
grouse and headed downslope
CASE 6
27 july 1988 1605 h the observer heard f28 killing a juvenile blue grouse in
an alder alnus tenuifolia bog A few minutes
later she was observed eating the grouse inside a hollow log approximately 25 m from the
kill site during this time an adult grouse was
heard giving the brood gathering call when
one of the young responded with a call the
marten left the dead grouse in the log and
stalked the live young it located a young
grouse in a tree and made an unsuccessful
attempt to catch it upon returning to the
original prey the marten saw the observer
and left without the cached grouse the prey
had been removed from the log by 1400 h the
following day

january 1989 1240 h m35
found a piece of beaver meat trap bait at our
field camp he carried the meat 15 m away
climbed up a tree and moved out onto a limb
heavily laden with snow he dug a hole in the
snow placed the meat in it and then covered
the meat with snow before descending the
tree he continued to move about the camp
area searching for additional food
CASE 8
26 july 1989 0710 h A hidden
observer witnessed m35 cache a red squirrel
Tamia
hudsonicus
sciurus hudso
tamiasciurus
nicus under a shelter at
the field camp after caching the marten immediately left approximately 12 h later 1930
h m35 was observed retrieving the squirrel
CASE 9
3 august 1989 1050 h red squirrels were heard scolding f37 at their midden
at 1115 h the marten was seen at the base of a
snag 150 m from the midden she had a squirrel forearm in her mouth as she ascended into
the broken top of the snag within moments
she descended without the forearm and left
the area inside the snag was found the squirrel forearm and the hind one third of a squirrel within an hour the marten was out of
telemetry range
CASE 7
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discussion

for

our purposes caching is defined as
the act of concealing food for later consumption marten meet the criteria for eachers
macdonald 1976 viz they are solitary
hunters with fixed home ranges and they are
not large enough to protect their prey from
larger scavengers our observations show that
marten will cache large prey items and cases
1 5 and 8 are rare documentation that the
same individual that made the cache had subsequently returned to it in addition these
observations show that sometimes the cache
site also serves as a resting site or den we
have also documented hunting behavior that
is generally associated with surplus killing
small rodents are consumed quickly by
marten and they are not necessarily removed
from the kill site pulliainen 1981b however it has been reported that marten readily
carry larger prey from 9 m to several hundreds
of meters away from kill sites murie 1961
hargis 1981 pulliainen 1981b raine 1981
spencer and zielinski 1983 our observations cases 1 2 5 7 8 9 demonstrate that
marten cache food at varying distances from
kill sites especially if the prey is too large for
one meal we suggest that the removal of prey
from capture sites may provide security for
marten the noise of the pursuit and kill eg
cases 6 and 9 and the distress calls of the prey
could alert competitors or predators to the
location of a marten and its kill this is consistent with observations made by simon 1980
who found that marten typically consume food
in secluded cover
cases 2 3 and 4 are similar to the findings of pulliainen 1981a
1981a raine 1981 and
spencer 1981 who also observed that
marten sometimes carry prey items to their
resting sites the selection of a resting site
may depend upon the proximity to the kill site
marshall 1951 buskirk 1984 and the amount
of protection afforded when a marten uses a
specific rest site on consecutive days eg
steventon 1979 it may be because of cached
food
in finland pulliainen 1981b found surplus killing of prey by european pine marten
M martes our observations cases 1 6 7
8 9 suggest that marten participate in surplus
killing animals that we observed resumed
an apparent foraging activity after caching

19901
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marten meet the criteria for species prone
toward surplus killing suggested by oksanen
et al 1985 because they are small members
of a predator guild in a cool dry environment
at least throughout portions of their range
however there is no evidence suggesting
that marten are involved in surplus killing or
hoarding to the same extent as other muste
lids eg johnsen 1969 as cited in oksanen
1983 reported a stoat s mustela erminea
single cache of 153 lemmings and a shrew
important knowledge of marten ecology
would be gained if researchers could devise
a way to examine the interior of resting sites
mood
food caches vary seasonally
iffood
to determine if
ifford

T 1983 prey caching in the hunting strategy of
small mustelids
zoologicala fennica
zoologica
muste lids acta Zoologic
bennica 174
fenmca
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HOLOCENE PREDATION OF THE UINTA GROUND SQUIRREL RY
BY A BADGER
michael E nelson
neison

in 1985 J H madsen jr then the state
paleontologist of utah collected several fossil
bones at an elevation of 1524 m in morgan

county

utah

utah antiquities locality

42mo029v the specimens were recovered
42moo29v
from a large burrow intruded into shoreline
sands deposited by pleistocene lake bonneville all fossils were found in a single pocket
that probably represents the distal end of
a burrow of the north american badger
taxidea taxus the specimens consist of
1 numerous post cranial elements of a juvenile badger and 2 several bones including a
right dentary of the uinta ground squirrel
spermophilus armatus many of the ground
squirrel bones are crushed or broken a condition also noted by long and Kil lingley 1983
in their study of badger prey
taxidea taxus is virtually an exclusive carnivore and does not eat significant amounts of
plant material ewer 1973 rodents are the
most common prey but the animals are not
adverse to eating a variety of other vertebrates
and arthropods long and Kil
lingley 1983
killingrey
killingley
messick and hornocker 1981 noted that
townsend ground squirrels spermophilus
sendio
townsendia
townsendil
townsendi
sendi are the most important prey spesendl
town sendil
cies of badgers in southwestern idaho the
animals either burrow after the active squirrels catch them hibernating in their burrows
or opportunistically wait at a burrow entrance
balph 1961 badgers also will eat carrion
and sometimes make food caches snead and

hendrickson 1942
postdeath
Post death disturbance of the bones probably accounts for missing elements of both
taxidea and spermophilus all preserved

occupy badger burrows after the structures
are deserted choate 1989 personal communication
muni
cation
part of the badger pelvis was sacrificed for
a radiocarbon date completed by tandem
accelerator mass spectrometry at the laboratory of isotope geochemistry university
of arizona the date of 2790 t 74 yr B
BPP
AA 2514 suggests that holocene diets of
utah badgers were similar to their extant
counterparts the remains of the ground
squirrel may represent the last meal of the
badger
all specimens are accessioned
accessioner
accession ed into the
sternberg memorial museum at fort hays
state university FHSM VP 10648 ground
squirrel and FHSM VP 10649 badger
I1 thank dr dave gillette utah antiquities
james H madsen DINOLAB and john
lund FHSU
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PATTERNS OF MICRO
HABITAT USE BY SOREX MONTI
COLUS IN SUMMER
microhabitat
monticulus
monticolus
12
pntchett1 and H duane smith
marac
belk12
belk
clyde L pritchett
markc
markC beik

sorex monticulus
monticolus
monti colus is found from alaska to
mexico in a variety of montane and boreal
habitats Her
mings and hoffmann 1977
hennings
microhabitat
habitat
in previous characterizations of micro
used by this species few measures of physical or vegetative structure were significantly
monticulus
correlated with captures of S monticolus
monticolus
typically only some measure of near ground
cover or related variables is significantly
associated with abundance sorex monticolus
monticulus
monti colus
favors habitats with dense ground cover but
microhabitat
habitat requireseems to have few other micro
ments hawes 1977 terry 1981 gunther
et al 1983 reichel 1986 doyle 1989
in most montane areas the annual cycle
of snow accumulation and melting followed
by herbaceous growth and decay causes
large scale changes in the near ground environ
ronment
ment during summer rapid herbaceous
growth greatly increases the area covered by
dense near ground vegetation previous
microhabitat
habitat use by S monticolus
studies of micro
monticulus
monti colus
have not addressed temporal changes in habitat use relative to this change in available
cover terry 1981 doyle 1989
during summer 1986 in conjunction with a
study of micro
microhabitat
habitat use by rodents in a montane area we recorded 104 captures of shrews
in sherman live traps these shrews all appeared similar and 17 specimens retained
for positive identification subsequently were
monticulus
identified as S monticolus
monti colus given the possibility that some of the shrews captured may
have been another species we used a binomial probability to calculate the proportion of
the 104 captures that could be regarded as S
os
.05
05 level of confidence at least
monticulus
monticolus
monti colus at a 05
85 of shrews captured were S monticolus
monticulus
monti colus
based on this we feel confident that the majority if not all of the shrews captured were
S monticolus
monticulus
monti colus in this paper we examine tem

poral patterns of microhabitat
micro habitat use by these
shrews during summer in relation to changes
micro habitat
in microhabitat
STUDY AREA AND METHODS

the

study site 11137n 4026w is on
gos at an
the east slope of mount timpanogos
Timpano
elevation of about 2400 ra in utah county
utah the habitat includes stands of aspen
oides and douglas fir pseutremuloides
populus tremul
dotsuga menziesii
menziesia
sii interspersed with herbamenzie
ceous meadows and shrub dominated ridges
principally snowberry symphoricarpos albus three trap grids were located in separate areas considered similar in overall habitat
structure each grid covered 1I ha and contained 100 trap stations arranged in 10 rows of
10 each two folding sherman traps were
placed at each station and stations were 10 m
apart grids were trapped in a rotating fashion
see belk et al 1988 for details trapping
began in early june immediately after snow
melt and continued until mid september
resulting in 13800 trap nights
nineteen habitat variables were measured
at each trap site characterizing live woody
structure trees and shrubs dead woody
structure fallen logs and herbaceous cover
and height see belk et al 1988 for details
five variables were correlated with shrew
10 level of significance
lo.10
captures
raptures
6aptures at the io
during at least one month these variables
percent canopy cover average overstory tree
size average understory tree size density of
fallen logs and number of woody species
were analyzed with principal components
analysis SAS institute inc 1985 two components had eigenvalues greater than one
but shrews exhibited little variation of habitat
use on the second component all means near
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fig

areas with higher densities of fallen logs
greater numbers of woody species and larger
size of understory trees this was characteristic of shrubby areas in earlier stages of succession in august mean habitat use was close to
the overall mean of available habitat representing areas with intermediate values of
habitat variables in september shrews used
habitat with lower densities of fallen logs
fewer numbers of woody species and smaller
understory trees representing areas dominated by climax aspen stands fig 1

AUG

SEPT

OVERALL

distribution of means and 95 confidence in
intervals of habitat use by shrews on the first principal
component for july august september and the entire
summer combined
1

zero accordingly habitat use by shrews was
interpreted only on the first principal component this component variable loadings in
parentheses described a gradient of increas596 increasing
00
ing density of fallen logs 0596
0.596
596
00
628 and increasnumber of woody species 0628
0.628
628
of
415
trees 00
understory
0.415
ing size ofunderstory
415
RESULTS

no shrews were captured in june

21 61

and 22 captures of shrews were recorded for
july august and september respectively
mean habitat use for the entire summer plotted on the first component appeared no different from a random sample fig 1 however
investigation of habitat use partitioned by
months revealed temporal variation in habitat
use fig 1 thus the pattern of habitat use
generated from the entire sample was an artifact caused by averaging over time habitat
used by shrews for each month was much less
variable variance ranged from 0.03
007
003 to 0.07
007
than simulated random samples with sample
sizes about equal to those observed for shrews
1.28 to 1.81
variance ranged from 128
181 for five
simulations thus it appears that shrews
nonrandomly
were using the habitat non
randomly and observed patterns of variation were not merely
artifacts of limited samples
habitat use in july was characterized by

no variable or combination of variables was
characteristic of habitat used by shrews across
all months rather since characteristics of
woody vegetation changed little during the
summer it appears shrews are responding to
temporal change in the near ground environment caused by rapid herbaceous growth durmid summer occurring first in
ing early to midsummer
dessi cation and matopen areas followed by dessication
ting down of herbaceous growth as autumn
approaches in early summer soon after
melt areas lacking woody vegetation
snowmelt
snow
snowbelt
were mostly bare having only a thin compacted layer of litter correspondingly habitat used by shrews included woody ground
cover such as fallen logs and shrubs at the
height of the summer season a few weeks
os
later herbaceous growth 005
ls
1.5
005
.55 is
15 m high covered the entire study area and most of the
habitat was probably suitable for use by
shrews by september herbaceous growth
persisted in mesic sites under dense cano
canopies
pies
provided by aspen stands but herbaceous
cover in open areas was declining accordingly habitat used by shrews shifted toward
areas dominated by mature aspen stands
such tracking of ground cover by S montico
lus accords with previous descriptions of
microhabitat
micro habitat use by this species terry 1981

doyle 1989
comparison of patterns of microhabitat
micro habitat use

between shrews and four species of rodents
peromyscus maniculatus zapus princeps
clethrionomys gasperi
gapperi and microtus mongapperi
tanus in the same area reveals a strong contrast rodent abundance was strongly correlated with 13 habitat variables and rodents
showed strong patterns of habitat partitioning based on these variables belk et al 1988

1990

389

NOTES

shrew captures were weakly correlated with
only five variables and showed relatively little
variation on these variables in this study area
coexistence of several rodents may necessitate
habitat partitioning whereas S monticolus
monticulus
monticolus
appears to be the only shrew in the area
at least other species are rare however
even when other species of shrews are
monticulus
present S monticolus
monti colus is only weakly associated with measurements of physical or vegetative structure terry 1981 doyle 1989 in
conclusion use of
ofmicrohabitat
micro habitat by S montico
microhabitat
lus is strongly affected by temporal variation
in distribution of ground cover and this
should be taken into account in future studies of
microhabitat
microhabitat use and partitioning by shrews
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